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NOMENCLATURE 


a - ^ 

a " b 

2KfHf 

af  = 

b = bottom  -width  of  cradle  or  rigid  bedding,  ft  (b  ^ bc) 

bc  = outside  width  of  conduit,  ft 

ba  = width  of  ditch  at  the  top  of  the  conduit,  ft 

b^  = value  of  the  width  of  ditch  at  which  the  load  on  a conduit  as  com- 
puted by  the  ditch  conduit  formula  is  equal  to  the  load  on  the 
conduit  as  computed  by  the  positive  projecting  conduit  formula,  ft 

Cq  = load  coefficient  for  ditch  conduits 

Cn  = load  coefficient  for  negative  projecting  conduits,  ditch  condition 

Cp  = load  coefficient  for  positive  projecting  conduits 

c = distance  from  the  neutral  axis  to  the  outer  fiber 

D = load  per  foot  of  diameter  per  foot  length  of  pipe  for  the  three- 

edge  bearing  test 

d = inside  diameter  of  pipe,  inches 
E*  = Young's  modulus  of  elasticity 

E = modulus  of  consolidation  of  the  embankment  or  backfill  material, 
tons/ft2 

Ep  = modulus  of  consolidation  of  the  foundation  material,  tons/ft2 
6 = 2.7183  = base  of  natural  logarithms 

fec  = maximum  fiber  stress  in  a pipe  having  a given  load  which  produces 
0.01-inch  crack  in  a R/C  pipe  or  ultimate  fiber  stress  for  other 
types  of  pipes,  lbs /ft2 

feb  = maximum  fiber  stress  for  three-edge  bearing  load  of  Reb^  lbs/ft2 
fs  = allowable  stress  in  reinforcing  steel 
1.4-31  Rgb 

Fq-n  = 5 = provided  strength  factor 

SP  s7bc2 

Fsr  = CpXp  ~ KT  = required  strength  factor 

H = for  the  .complete  condition- -vertical  distance  from  top  of  backfill 

to  a horizontal  element  of  fill  material  having  a height  of  dH,  ft 
for  the  incomplete  condition--vertical  distance  from  plane  of  equal 
settlement  to  a horizontal  element  of  fill  material  having  a 
height  dH,  ft 

Hc  = vertical  distance  from  top  of  backfill  or  embankment  to  top  of  con- 
duit, ft 

Hca  = allowable  vertical  distance  from  top  of  backfill  or  embankment  to 
top  of  conduit,  ft 
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He  = vertical  distance  from  the  plane  of  equal  settlement  to  top  of  con- 
duit, ft 

= distance  between  the  top  of  the  conduit  and  the  upper  plane  of 
equal  settlement  when  the  interior  prism  has  a width  b 

Hp  = distance  between  the  bottom  of  the  cradle  or  rigid  bedding  (bottom 
of  the  pipe  if  no  cradle  or  rigid  bedding  is  used)  and  the  non- 
yielding foundation 

H ^ = distance  between  the  bottom  of  the  cradle  and  the  lower  plane  of 

equal  settlement,  ft.  When  no  cradle  is  used,  it  is  the  distance 
between  the  bottom  of  the  conduit  and  the  lower  plane  of  equal 
settlement . 

h = vertical  distance  from  any  point  in  the  embankment  to  the  upper 
surface  of  the  fill,  ft 

I = moment  of  inertia,  in4 

K = ratio  at  a point  of  active  lateral  pressure  to  vertical  pressure 
for  the  backfill  or  embankment  material 

Kf  = ratio  at  a point  of  active  lateral  pressure  to  vertical  pressure 
for  the  foundation  material 

Lf  = load  factor 

A l - length  of  a differential  element  of  the  pipewall  (see  Fig.  B-2, 
page  B-3) 

M = moment  with  upper  case  subscripts  denoting  location 

N = bursting  pressure  of  the  pipe,  lbs/in2 

P = total  vertical  pressure  on  a horizontal  plane  within  the  interior 
prism,  lbs/ft  length  of  pipe 

P*  = vertical  pressure  on  a horizontal  plane  within  the  interior  prism 
when  the  embankment  height  is  equal  to  the  height  of  equal 
settlement,  lbs/ft  length  of  pipe 

P"  = additional  vertical  pressure  on  a horizontal  plane  within  the  in- 
terior prism  due  to  the  weight  of  the  material  above  the  plane 
of  equal  settlement,  lbs /ft  length  of  pipe 

Pc  = total  vertical  pressure  in  the  width  b^  at  the  top  of  the  conduit, 
lbs/ft  length  of  pipe 

p = intensity  of  lateral  pressure,  lbs/ft2 

pp  = internal  pressure  in  a pipe,  lbs/in2 

R = reaction  with  upper  case  subscripts  denoting  location 

Rc  = supporting  strength  of  pipe  for  a stated  load  pattern,  lbs/ ft 
length  of  pipe 

Rq  = safe  supporting  strength  of  pipe,  lbs/ft  length  of  pipe 

Reb  ~ supporting  strength  of  pipe  for  three -edge  bearing  load,  lbs/ ft 
length  of  pipe 
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value  of  the  reduced  supporting  strength  of  a pipe  having  positive 
internal  pressure,  lbs/ ft  length  of  pipe.  It  is  used  in  support- 
ing strength  formulas  in  place  of  the  three -edge  bearing  strength 

^eb  • 

mean  radius  of  pipe,  ft 
allowable  shearing  stress,  lbs/in2 
a safety  factor 

additional  deformation  of  the  conduit,  ft  (positive  and  negative 
projecting  conduits) 

additional  consolidation  of  the  backfill  material  between  the  top  of 
the  conduit  and  the  critical  plane  (negative  projecting  conduits) 

additional  settlement  of  the  bottom  of  the  conduit  (i.e.,  the  sur- 
face of  the  natural  ground  beneath  the  conduit)  due  to  the  con- 
solidation of  the  foundation,  ft  (positive  and  negative  projecting 
conduits ) 


additional  settlement  of  the  natural  ground  surface  below  the  ex- 
terior prism  due  to  the  consolidation  of  the  foundation,  ft 
(positive  and  negative  projecting  conduits) 


additional  consolidation  of  the  embankment  material  between  the 
critical  plane  and  the  natural  ground  surface  in  the  exterior 
prism,  ft  (positive  projecting  conduits) 


pxa 


= a parameter  used  in  expressing  active  lateral  earth 
pressure 


thickness  of  pipewall,  ft 

2KnFsp  + KuKpgXa  + Xp 
XP 

total  vertical  load  on  the  top  of  an  underground  conduit,  lbs/ft 
length  of  conduit 

a function  of  the  projection  onto  a vertical  plane  of  the  area  of 
the  pipe  over  which  the  lateral  loads  are  assumed  to  be  distributed 

a function  of  the  distribution  of  the  vertical  load  and  vertical 
reaction 

a factor  (Eq.  B-12,  page  B-7) 

distance  from  the  neutral  axis  to  a differential  element  in  the  pipe- 
wall 

a factor  (Eq.  B-13>  page  B-7) 

one -half  of  the  central  angle  subtended  by  the  arc  of  the  pipe  over 
which  no  lateral  loads  are  acting  on  the  pipe 

one -half  of  the  central  angle  subtended  by  the  arc  of  the  pipe  over 
which  the  upward  vertical  reactions  are  acting 

unit  weight  of  backfill  or  embankment  material,  lbs/ ft3 


X 


7^ r.  = unit  weight  of  the  foundation  material,  lbs/ft3 
(sm  + sg)  - (sf  + sc) 

5 = = settlement  ratio  for  positive  projecting 

conduits 

d = unit  strain 

sg  ~~  (sc  + sf  + sq) 

5*  = — c— — - = settlement  ratio  for  negative  projecting 

d conduits 

6 = angle  used  in  deriving  Eq.  B-8  (see  Fig.  B-4-,  page  B-5) 

pK  /Hc  p\ 

K+.  = zr~  K — + — = ratio  of  total  lateral  load  to  total  vertical  load 

t cp  \^c  2/ 

Xe  = additional  consolidation  of  the  embankment  material  in  the  exterior 
prism  between  the  critical  plane  and  the  plane  of  equal  settle- 
ment, ft  (positive  projecting  conduits) 

kp  = additional  consolidation  of  the  embankment  material  in  the  interior 
prism  between  the  top  of  the  conduit  and  the  plane  of  equal 
settlement,  ft  (positive  projecting  conduits) 

ken  = additional  consolidation  of  the  embankment  material  in  the  exterior 
prism  between  the  natural  ground  and  the  plane  of  equal  settle- 
ment, ft  (negative  projecting  conduits) 

kin  = additional  consolidation  of  the  embankment  material  in  the  interior 
prism  between  the  critical  plane  and  the  plane  of  equal  settle- 
ment, ft  (negative  projecting  conduits) 

q = tan  4>  = tangent  of  the  angle  of  internal  friction  of  the  backfill 
or  embankment  material 

q'  = tangent  of  the  angle  of  sliding  friction  between  the  backfill 
material  and  the  material  in  the  ditch  wall 

q^  = tan  <t>^  = tangent  of  the  angle  of  internal  friction  of  the  founda- 
tion material 

£ = angle  of  rotation  (see  Fig.  B-4,  page  B-£>) 

p = projection  ratio  for  positive  projecting  conduits  = ratio  of  the 
distance  between  the  natural  ground  surface  and  the  top  of  the 
conduit  (when  Hc  = 0)  to  the  outside  width  of  the  conduit 

p*  = projection  ratio  for  negative  projecting  conduits  = ratio  of  the 
distance  between  the  natural  ground  surface  and  the  top  of  the 
conduit  (when  Hc  = 0)  to  the  width  of  the  ditch  b^ 

a = unit  stress 

0 = angle  of  internal  friction  of  the  backfill  or  embankment  material 

= angle  of  internal  friction  of  the  foundation  material 

f = ratio  of  the  distance  fbc  (ES-ll^,  page  to  the  outside  width 

of  the  conduit 

H<L 

00  = 2Kq 
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TECHNICAL  RELEASE 
NUMBER  5 

THE  STRUCTURAL  DESIGN  OF  UNDERGROUND  CONDUITS 


The  structural  design  of  any  structure  requires  a determination  of  the 
loads  on  the  structure  and  the  proportioning  of  the  structure  to  resist 
the  loads.  An  understanding  of  the  structural  design  of  underground 
conduits  is  facilitated  by  dividing  the  subject  into  the  following 
chapters : 

Chapter  1 - Loads  on  Underground  Conduits 
Chapter  2 - Supporting  Strength  of  Conduits 

Although  the  structure  can  be  designed  by  the  use  of  these  two  divisions, 
a third  chapter  is  added  to  facilitate  the  solution  of  positive  project- 
ing conduit  design  problems.  It  also  contains  examples  and  charts. 

Messrs.  Anson  Marston,  M.  G.  Spangler,  and  W.  G.  Schlick  of  the  Iowa  En- 
gineering Experiment  Station,  Iowa  State  College,  have  developed  the 
theory  and  performed  the  research  on  which  this  technical  release  is 
based.*  This  is  a compilation  of  their  theory  and  data  for  use  by  the 
Soil  Conservation  Service.  Their  analysis  has  been  rearranged  and  addi- 
tional charts  have  been  prepared. 

Since  most  conduits  designed  by  engineers  of  the  Soil  Conservation  Ser- 
vice will  be  classed  as  ditch  conduits  or  positive  projecting  conduits, 
only  these  two  classes  are  considered  in  Chapters  1 and  3*  The  deriva- 
tion of  load  equations  for  ditch  conduits,  positive  projecting  conduits, 
negative  projecting  conduits,  and  ditch  conduits  with  compacted  backfill 
is  given  in  Appendix  A.  A brief  discussion  of  other  classes  is  also 
given  in  Appendix  A. 

The  supporting  strength  of  rigid  circular  conduits  is  considered  in 
Chapters  2 and  3.  Appendix  B gives  the  derivation  of  the  supporting 
strength  formulas  for  rigid  circular  pipes.  The  method  of  design  for 
concrete  monolithic  box  culverts  is  given  in  the  National  Engineering 
Handbook,  Section  6,  Structural  Design. 

The  design  of  the  usual  underground  conduit  installations  may  be  accom- 
plished without  a complete  understanding  of  the  subject  by  the  use  of 
the  procedure  charts  and  computation  aids  given  in  the  ES  drawings, 
pages  3~37  to  3-87- 

CHAPTER  1 - LOADS  ON  UNDERGROUND  CONDUITS 


A classification  of  conduits  based  on  the  sets  of  factors  listed  below 
is  required  for  load  determinations.  The  manner  in  which  these  factors 
are  used  to  classify  underground  conduits  is  given  in  ES-116,  page  3~53* 


*Numerical  references  refer  to  the  bibliography  following  page  C-12. 
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Construction  Methods 

The  term  construction  methods  is  used  for  classification  purposes  only. 

It  includes  site  conditions  and  design  requirements,  as  veil  as  con- 
struction methods,  and  involves 

1.  The  vidth  of  the  ditch  (sometimes  infinitely  vide)  in  vhich 
the  conduit  is  placed; 

2.  The  compressibility  of  the  backfill  relative  to  the  compressi- 
bility of  the  earth  in  vhich  the  ditch  vas  excavated,' 

3*  The  compressibility  of  the  materials  on  vhich  the  conduit  rests 
relative  to  the  adjacent  foundation  materials; 

k.  The  elevation  of  the  top  of  the  backfill  or  embankment  relative 
to  the  natural  ground  line; 

5.  The  elevation  of  the  top  of  the  conduit  vith  respect  to  the 
natural  ground  line;  and 

6.  The  compressibility  of  the  material  directly  above  the  conduit 
relative  to  the  compressibility  of  the  adjacent  material. 

This  set  of  factors  is  used  to  determine  vhether  the  conduit  is  classed 
as  a ditch  conduit,  a positive  projecting  conduit,  a negative  project- 
ing conduit,  a ditch  conduit  vith  dense  backfill,  an  imperfect  ditch 
conduit,  or  a conduit  on  compressible  bedding. 

Relative  Settlements 

The  term  relative  settlements  means  the  settlement  of  the  top  of  the  con- 
duit relative  to  the  settlement  of  the  critical  plane.  This  involves 

l.  Deformation  of  the  conduit;  and 

2.  Settlements  or  consolidations  of  the  backfill,  embankment,  and 
foundations.  These  depend  on  the  soil  characteristics. 

This  set  of  factors  is  used  to  determine  vhether  the  positive  projecting 
conduit  or  the  negative  projecting  conduit  is  classed  as  the  ditch  con- 
dition or  the  projection  condition. 

Relative  Height  of  Embankment 

The  term  relative  height  of  embankment  means  the  height  of  embankment 
relative  to  the  height  of  the  plane  of  equal  settlement.  This  factor 
is  used  to  determine  vhether  the  conduit  is  classed  as  the  complete  con- 
dition or  the  incomplete  condition. 


Loads  on  Ditch  Conduits 


When  a conduit  is  placed  in  a ditch  and  covered  vith  backfill  material, 
the  backfill  material  tends  to  settle  dovnvard.  This  tendency  of  the 
backfill  material  above  the  top  of  the  conduit  to  move  produces  vertical 
friction  forces  or  shearing  stresses  along  the  sides  of  the  ditch. 

These  shearing  stresses  give  support  to  the  backfill  material.  (See 
Fig.  1-1.) 
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The  proportion  of  the  total  vertical  pressure  that  is  carried  by  the  con- 
duit will  depend  on  the  relative  rigidity  of  the  conduit  and  of  the  fill 
material  between  the  sides  of  the  conduit  and  the  sides  of  the  ditch. 

For  rigid  pipes  (see  footnote,  page  2-l)  such  as  clay,  concrete,  or  cast- 
iron  pipe,  the  side  fills  may  be  relatively  compressible  and  the  pipe  it- 
self will  carry  practically  all  of  the  load.  If  the  pipe  is  a relatively 
flexible  thin-walled  pipe  and  the  side  fills  have  been  thoroughly  tamped, 
the  load  on  the  conduit  will  be  reduced  by  the  amount  of  load  the  side 
fills  carry. 


Fig.  1-1  Ditch  conduit 


The  total  vertical  load  on  rigid  ditch  conduits  with  relatively  com- 
pressible side  fills  is 

Wc  = Cd7bd2 (1-1) 

± _ e-2K^Hc/bd) 

where  Cd  = (l-la) 

WQ  = total  vertical  load  on  the  top  of  the  underground  conduit, 
lbs/ ft  length 

Cd  = load  coefficient  for  ditch  conduits 

bd  = width  of  the  ditch  at  the  top  of  the  pipe,  ft.  The  width 
of  the  ditch  bd  is  the  actual  width  of  a vertical  walled 
ditch  in  which  the  pipe  is  installed.  When  the  ditch  is 
constructed  with  sloping  sides  or  the  conduit  is  placed 
in  a subditch  at  the  bottom  of  a wider  ditch,  experi- 
mental results  indicate  that  the  proper  width  bd  is  at 
or  slightly  below  the  top  of  the  conduit  (see  ES-114, 
page  3-4l. 

p = tangent  of  the  angle  of  internal  friction  of  the  backfill 
material 


K = ^ ^ = ratio  at  a point  of  active  lateral  pressure 

VP2  + 1 + p to  vertical  pressure 


1-4 


d*  is  the  tangent  of  the  angle  of  sliding  friction  between  the 
backfill  material  and  the  material  in  the  ditch  wall.  \±l 
is  the  value  of  \i  for  the  material  in  which  the  ditch  is 
dug  if  the  excavated  material  is  used  for  backfill.  When 
the  backfill  material  differs  from  the  material  in  the 
ditch  walls,  the  smaller  of  the  two  values  of  p for  these 
two  materials  should  be  used  for  the  value  of  p’  . 

7 = unit  weight  of  the  backfill  material,  lbs/ft2 3 4 5 

6 = 2.7183  = base  of  Naperian  logarithms 

Hc  = vertical  distance  from  top  of  backfill  to  top  of  conduit,  ft 


The  total  vertical  load  Wc  on  flexible  pipes  with  thoroughly  compacted 
side  fills  is 

Wc  ~ 8^7hcb^ (1-2) 


where  bc  = outside  width  of  the  conduit,  ft 

The  above  formulas  will  give  maximum  vertical  loads  to  be  expected  on 
ditch  conduits  throughout  the  life  of  the  structure  if  the  proper  physi- 
cal factors  involved  in  their  solution  have  been  selected. 


Loads  on  Positive  Projecting  Conduits 

In  the  discussion  of  loads  on  positive  projecting  conduits,  several  terms 
are  used  (see  Fig.  2-2) 

1.  The  interior  prism  is  that  prism  of  embankment  which  is  bounded 
by  the  critical  plane  at  the  top  of  the  conduit,  the  plane  of 
equal  settlement,  and  the  vertical  planes  which  are  tangent  to 
the  sides  of  the  conduit. 

2.  The  exterior  prisms  are  the  two  masses  of  embankments  exterior 
to  the  conduit  and  having  for  their  boundaries  the  vertical 
tangent  planes,  the  natural  ground,  and  the  plane  of  equal 
settlement . 

3-  The  critical  plane  is  that  film  of  particles  of  embankment  ma- 
terials which  was  originally  lying  in  the  horizontal  flat  plane 
at  the  top  of  the  conduit  when  Hc  = 0. 

4.  The  plane  of  equal  settlement  is  that  film,  of  particles  of  em- 
bankment materials  which  lies  in  the  lowest  horizontal  plane 
that  remains  as  a plane  as  settlement  takes  place.  This  neces- 
sitates that  the  settlement  of  a particle  of  embankment  at  any 
elevation  above  the  interior  prism  will  be  equal  to  the  settle- 
ment of  any  particle  having  the  same  elevation  above  the  ex- 
terior prism.  Thus,  there  are  no  vertical  shearing  forces 
existing  between  particles  of  embankment  materials  above  the 
plane  of  equal  settlement. 

5.  The  projection  ratio  p is  the  ratio  of  the  distance  between  the 
natural  ground  surface  adjacent  to  the  conduit  (when  Hc  = 0) 
and  the  top  of  the  conduit  (when  Hc  = 0)  to  the  outside  width 
of  the  conduit. 
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6.  Deformation,  consolidation,  and  settlement.  It  will  be  impor- 
tant to  differentiate  between  the  meaning  of  the  words  deforma- 
tion, consolidation,  and  settlement.  Deformation  is  the  change 
in  the  length  of  structural  materials  due  to  stress.  The  word 
deformation  is  reserved  here  to  denote  the  change  in  the  verti- 
cal dimension  of  the  conduit.  If  the  conduit  is  rigid  the 
deformation  of  the  conduit  is  assumed  to  be  negligible  or  zero. 
Consolidation  is  the  change  in  the  vertical  length  of  embank- 
ment or  foundation  materials  caused  by  loads  above  the  mate- 
rials. It  is  used  exactly  in  the  same  sense  as  deformation  ex- 
cept the  word  deformation  is  reserved  for  structural  materials 
and  consolidation  is  reserved  for  embankment  and  foundation 
materials.  Settlement  is  the  change  in  elevation  of  a particle 
of  embankment  or  foundation  material  as  a result  of  consolida- 
tion of  materials  or  deformation  of  structures  below  the 
particle . 


Fig.  1-2  Basic  case  for  considering  the  action 
of  an  embankment  over  a positive  projecting  conduit 

7 . Additional  consolidations,  additional  deformations,  and  addi- 
tional settlements . The  weight  of  the  embankment  materials 
above  the  plane  of  equal  settlement  will  cause  consolidations 
and  deformations  in  addition  to  those  consolidations  and  defor- 
mations due  to  the  weight  of  the  embankment  material  below  the 
plane  of  equal  settlement.  These  consolidations  and  deforma- 
tions (due  to  the  weight  of  the  material  above  the  plane  of 
equal  settlement)  mil  be  referred  to  as  "additional  consoli- 
dations" and  "additional  deformations"  and  the  corresponding 
settlements  as  "additional  settlements."  The  convenience  of 
the  use  of  "additional"  instead  of  "total"  becomes  apparent  in 
the  derivation  of  load  formulas  (see  Appendix  A). 
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Elevation  at  Completion  of  Fill 


Fig.  1-3 


Settlements  which  influence  loads  on  positive  projecting  conduits 
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The  symbols  used  to  evaluate  the  additional  settlement  of  the  top  of  the 
exterior  prism  are  (see  Fig.  1-3) 

\e  = additional  consolidation  of  the  embankment  material  between  the 
critical  plane  and  the  plane  of  equal  settlement,  ft 
sm  = additional  consolidation  of  the  embankment  material  between  the 
critical  plane  and  the  natural  ground  surface,  ft 
Sg  = additional  settlement  of  the  natural  ground  surface  below  the 

exterior  prism  due  to  the  consolidation  of  the  foundation,  ft 
sm  + Sg  = additional  settlement  of  the  critical  plane,  ft 

The  symbols  used  to  evaluate  the  additional  settlement  of  the  top  of  the 
interior  prism  are 

Aq  = additional  consolidation  of  the  embankment  material  between 

the  top  of  the  conduit  and  the  plane  of  equal  settlement,  ft 
sc  = additional  deformation  of  the  conduit,  ft 

S-jp  = additional  settlement  of  the  bottom  of  the  conduit  (.i.e.,  the 

surface  of  the  natural  ground  beneath  the  conduit)  due  to  the 
consolidation  of  the  foundation,  ft 
S|*  + sc  = additional  settlement  of  the  top  of  the  conduit,  ft 

8.  Settlement  ratio  8.  The  settlement  ratio  is  the  ratio  of  the 
difference  of  the  additional  settlement  of  the  top  of  the  con- 
duit and  the  additional  settlement  of  the  critical  plane  in  the 
exterior  prism  to  the  additional  consolidation  of  the  embankment 
material  below  the  critical  plane. 

5 = ( sm  + sg)  ~ (sf  + sc) 
sm 

The  value  of  5 determines  whether  the  projection  or  the  ditch 
condition  exists.  The  projection  condition  occurs  when  5 > 0. 
The  ditch  condition  exists  when  5 < 0. 

Projection  and  Ditch  Condition 

The  projection  condition  is  defined  as  the  condition  in  which  the  criti- 
cal plane  in  the  exterior  prism  settles  more  than  the  top  of  the  conduit 
(see  ES-116,  page  3_53)*  When  this  condition  exists,  loads  are  trans- 
ferred from  the  exterior  prism  to  the  interior  prism.  It  is  obvious  that 
the  load  on  a conduit  for  the  projection  condition  is  always  greater  than 
the  weight  of  embankment  material  above  the  top  of  the  conduit. 

If  the  conduit  is  sufficiently  flexible,  the  settlement  of  the  top  of  the 
conduit  will  be  greater  than  the  settlement  of  the  critical  plane  in  the 
exterior  prism.  This  is  called  the  ditch  condition.  Since  loads  are 
being  transferred  from  the  interior  prism  to  the  exterior  prism,  the  load 
in  the  interior  prism  is  less  than  the  load  in  the  exterior  prism.  Again 
it  is  obvious  that  the  load  on  the  conduit  for  the  ditch  condition  is 
less  than  the  weight  of  the/ embankment  material  above  the  conduit. 

A neutral  condition  exists  when  there  is  no  transfer  of  loads  between  the 
interior  and  exterior  prisms,  and  the  load  on  the  conduit  is  the  weight 
of  the  embankment  material  above  the  top  of  the  conduit. 
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The  relation  between  the  rigidity  of  the  conduit  and  the  degree  of  com- 
pressibility of  the  adjacent  fill  material  as  well  as  the  modulus  of 
consolidation  of  the  foundation  material  will  determine  whether  the 
ditch  condition  or  the  projection  condition  occurs  for  any  given  instal- 
lation. These  two  conditions  represent  subclassifications  of  projecting 
conduits  which  are  determined  by  relative  settlements  or  consolidations. 

It  is  important  to  observe  the  difference  of  the  meaning  in  the  unfortu- 
nate terminology  of  "ditch  conduits"  and  "ditch  conditions."  The  term 
"ditch  conduits"  pertains  to  a classification  of  underground  conduits 
based  on  construction  methods.  The  term  "ditch  condition"  pertains  to  a 
subclassification  of  projecting  conduits  based. on  relative  settlements. 

Likewise,  the  difference  between  the  terms  "projecting  conduits"  and 
"projection  condition"  should  be  understood.  The  term  "projecting  con- 
duits" (positive  or  negative)  pertains  to  a classification  of  under- 
ground conduits  based  on  construction  methods.  The  term  "projection 
condition"  pertains  to  a subclassification  of  projecting  conduits  based 
on  relative  settlements. 


Complete  and  Incomplete  Conditions 

The  complete  condition  exists  when  the  embankment  height  Hc  is  less  than 
or  equal  to  the  height  of  the  plane  of  equal  settlement  He  (see  ES-116, 
page  ) . The  shearing  stresses  between  the  interior  and  exterior 


prisms  extend  completely  to  the  top  of  the  embankment. 


Thus, 


The  incomplete  condition  exists  when  the  embankment  height  Hc  is  greater 
than  the  height  of  the  plane  of  equal  settlement  He.  The  shearing 
stresses  between  the  interior  and  exterior  prisms  do  not  extend  completely 

Hc  He 

to  the  top  of  the  embankment.  Hence,  — > — . It  is  possible  to  have 

bc  bc 

complete  and  incomplete  conditions  for  both  the  ditch  and  projection 
condition. 


Height  of  Equal  Settlement  He 

The  value  of  He  is  determined  for  two  reasons. 

He  Hc 

1.  The  comparison  of  — values  with  — values  define  whether  the 
complete  or  incomplete  condition  exists. 


Hc  He 
When  r-£  ^ 

bc  bc 


Ec  He 
When  — > — 
bc  bc 


the  complete  condition  exists. 


the  incomplete  condition  exists. 


He 

2.  The  value  of  — is  required  to  determine  the  load  on  a project- 

bc 

ing  conduit  for  the  incomplete  condition. 


The  derivation  shown  in  Appendix  A in  the  determination  of  He  is  that 
originally  developed  by  A.  Marston.* 1 2 * 4  Marston's  assumption  for 
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determining  He  yields  an  expression  which  gives  slightly  greater  values 
for  loads  on  conduits  than  those  assumptions  used  by  M.  G.  Spangler.9 


The  expression  for  the  determination  of  He  is 

e T 2K|r(He/bc)  = ± 2Kq5p  +1 (1-4) 

The  solution  of  Eq.  1-4  is  facilitated  by  the  use  of  ES-U7*  page  3-37* 


Load  Formulas  for  Positive  Projecting  Conduits 

(See  Appendix  A for  derivation).  The  equation  for  the  load  on  a positive 
projecting  conduit,  complete  condition,  is 

wc  = Cp7bc2 (1-5) 


where  the  load  coefficient  for  positive  projecting  conduits,  complete 
condition,  is 


C 


P 


±2Kn(Hc/bc) 

e - i 

±2Kfi 


(i-5a) 


In  Eq.  l-^a  the  top  sign  in  the  (±)  symbol  is  used  for  the  projection 
condition,  and  the  bottom  sign  is  used  for  the  ditch  condition.  This 
convention  applies  wherever  double  signs  appear. 


Since  Eqs.  1-5  and  l-5a  are  applicable  for  both  the  complete  ditch  con- 
dition and  the  complete  projection  condition,  they  may  be  used  to  deter- 
mine loads  on  both  rigid  and  flexible  conduits. 


The  equation  for  the  load  on  a positive  projecting  conduit,  incomplete 
condition,  is 

W0  = Cp7bc2 (1-6) 


where  the  load  coefficient  for  positive  projecting  conduits,  incomplete 
condition,  is 


C 


P 


±2Kn(He/bc)  r 

e -_i  ^c 

±2Kq  + bc 


e 


±2Ku(He/bc) 


(l-6a) 


Since  Eqs.  1-6  and  l-6a  are  applicable  for  both  the  incomplete  ditch  con- 
dition and  the  incomplete  projection  condition,  they  may  be  used  to  de- 
termine loads  on  both  rigid  and  flexible  conduits. 


The  solution  of  Eqs.  l-5a  and  l-6a  is  facilitated  by  the  use  of  ES-118, 
pages  5-65  and  3-65- 

It  is  necessary  to  determine  the  value  of  He/bc  by  the  use  of  Eq.  1-4  to 
solve  Eq.  l-6a  since  Eq.  l-6a  contains  He/bc  as  one  of  its  variables. 
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Effect  of  Width  of  Ditch 

No  definite  width  of  ditch  is  specified  to  define  whether  a conduit  is 
classed  as  a ditch  conduit  or  as  a positive  projecting  conduit.  In  the 
analysis  of  loads  on  ditch  conduits,  it  is  assumed  that  a rigid  conduit 
resists  all  of  the  pressure  at  the  top  of  the  conduit  for  the  width  bq. 
This  pressure  which  is  equal  to  the  load  on  the  rigid  conduit  is  less 
than  the  weight  of  the  backfill  material  because  a portion  of  the  weight 
is  transferred  by  shear  into  the  ditch  walls.  Increasing  the  value  of 
bq  for  ditch  conduits  increases  the  load  on  the  conduit.  As  the  width 
of  a ditch  is  increased,  a value  of  bq  is  reached  where  the  total  pres- 
sure is  no  longer  resisted  by  the  conduit  and  the  classification  changes 
to  a positive  projecting  conduit. 

In  the  analysis  of  positive  projecting  conduit,  projection  condition, 
the  load  on  the  conduit  is  the  pressure  at  the  elevation  of  the  top  of 
the  conduit  distributed  over  the  width  bc  rather  than  bq.  This  load  is 
greater  than  the  weight  of  the  prism  directly  above  the  conduit  because 
a portion  of  the  weight  of  the  exterior  prism  is  transferred  by  shear  to 
the  interior  prism.  By  increasing  bq,  the  load  is  increased  on  ditch 
conduits  to  a value  b^  which  is  equal  to  the  load  computed  by  the  for- 
mulas for  positive  projecting  conduits,  projection  condition.  It  is 
this  value  of  b^  which  defines  the  boundary  between  ditch  conduits  and 
positive  projecting  conduits.  Conduits  for  a given  value  of  Hc/bc  in  a 
ditch  having  a width  b^  < b^  are  ditch  conduits.  Those  conduits  in 
which  bq  > b^  are  positive  projecting  conduits.  The  value  of  b^  can  be 
determined  from  the  chart  in  ES-117^  page 

Figure  1-4  is  a plot  showing  two  curves  which  gives  the  load  on  a 2-foot 
diameter  conduit  (bc  =2.5  ft)  when  Hc  = 10  ft  and  Hc  = 15  ft  for  vari- 
ous values  of  b^.  When  bq  = bc,  the  load  on  the  conduit  computed  by  the 
positive  projecting  conduit  formulas  is  greater  than  the  load  computed 
by  the  ditch  conduit  formula  because  of  the  transfer  of  weights  by  shear. 
As  b^  is  increased,  holding  bc  constant,  the  load  computed  by  the  posi- 
tive projecting  conduit  formulas  remains  constant  while  the  load  com- 
puted by  the  ditch  conduit  formula  increases.  At  some  value  of  bq  the 
loads  computed  by  both  formulas  become  equal.  Observe  in  this  plot  how 
the  value  of  b^  increases  from  b^  = 5*5  ft  to  b^  = 6.2  ft  as  the  value 
of  Hc  is  increased  from  10  ft  to  15  ft. 


The  Effect  of  Surface  Loads  on  Underground  Conduits 

Underground  conduits  may  also  be  subjected  to  a load  that  is  transmitted 
through  the  soil  from  traffic  loads  applied  to  the  surface  of  the  back- 
fill. The  effect  of  these  loads  may  be  determined  by  the  use  of  the 
Boussinesq  solution14  or  by  the  approximate  method  given  in  ES-25, 
National  Engineering  Handbook,  Section  6,  Structural  Design.  Such 
loads  will  be  of  major  importance  when  the  conduit  is  under  a shallow 
fill  and  subjected  to  heavy  traffic  loads.  Most  conduits  designed  by 
the  Soil  Conservation  Service  are  subjected  to  heavy  traffic  loads 
only  during  construction.  If  the  construction  equipment  is  not  per- 
mitted to  cross  over  the  conduit  until  at  least  2 feet  of  cover  has 
been  placed  over  the  conduit  and  the  conduit  is  designed  to  carry  a 
minimum  earth  load  of  10  feet,  the  effect  of  loads  due  to  construction 
equipment  may  be  neglected. 


LOAD  PER  FOOT  OF  CONDUIT --POUNDS 
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POSITIVE  PROJECTING  CONDUIT  LOAD  EQUATION 


- LOAD  ON  CONDUIT 

r hc  = io' 


8000 


7000 


6000 


5000 


4000 


3000 


2000 


1000 

2 


PROJECTION  CONDITION  (Eq.  1-5  or  Eq.  1-6) 

7 ■ — T <-+  |TTT1^.T.-s,rT.t 


WIDTH  OF  DITCH  bd--FEET 


Fig.  1-4  Effect  of  increasing  the  -width  of  ditch  on  the  load  on  a conduit 
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Internal  Fluid  Pressures 


The  determination  of  internal  fluid  pressure  in  a conduit  is  a hydraulic 
problem  (see  National  Engineering  Handbook,  Section  5;  Hydraulics).  The 
magnitudes  of  internal  fluid  pressures  encountered  in  Soil  Conservation 
Service  work  is  usually  of  minor  importance  in  determining  loads  on 
underground  conduits. 


Hydrostatic  Loads 

When  an  underground  conduit  is  below  the  water  table,  there  is  an  external 
hydrostatic  load  acting  on  the  conduit.  The  determination  of  hydrostatic 
pressures  is  also  a hydraulic  problem  (see  National  Engineering  Handbook, 
Section  5;  Hydraulics). 


Procedure  for  Determining  Loads 


\ Obtain  5 - ES  115  P*  / 

Classify  - ES  117;  page  5-59 

Ditch 

h<  ji 

"^c  ^c 

Positive  projecting 

ba  > bA 

bc  bc 

Fig.  1-5-  Procedure  for  determining  the  load  on  a ditch  conduit  or 
positive  projecting  conduit. 
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Example  - Determining  Loads 


Given:  1.  A 36  in.  reinforced  concrete  pipe  (t>c  = 3*5  ft*)  is  proposed 

for  installation  on  a cradle  (b  = 5.0  ft). 

2.  The  height  of  fill  above  the  conduit  is  30.0  ft. 

3.  The  backfill  material  has  a unit  weight  (7)  of  120  lbs/ft3 
and  an  angle  of  internal  friction  (<t>)  of  30°. 

A.  The  ditch  wall  and  foundation  material  has  an  angle  of  in- 
ternal friction  of  20°. 


5.  The  value  of 


7f  EJ 
7 Ef 


- 1.0. 


6.  The  distance  pbc  = 3*0  ft.  and  the  distance  \Jrbc  = 1.5  ft. 

7.  The  distance  from  the  bottom  of  the  cradle  to  non-yielding 
foundation  material  is  10.0  ft. 

Determine : 

1.  The  load  on  the  conduit  when  b^  = 6.0  ft. 

2.  The  load  on  the  conduit  when  b^  = I5.O  ft. 
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Solution: 

1. 


Follow  the  procedure  chart  in  Fig.  1-5 . 

Obtain  5.  ES  115 

From  ES  115;  page  5-^5  either  case  c or  d exists 
b = 5.0  ft. 

~7f  El  ^ 


1+ 


6 (case  c) 


7 Efj  p 


1+ 


Kp 


7-f  E 


7 Ef  Kpif 


From  ES  114,  page  3-^3;  Kp  = 0.19;  Kjp.p  = 0.178 

* = jt|  = 0.429,  P = §3  = 0.857 


5(case  c)= 


m 


K VO.  857/  1.5  , 

~77^  / 0.190 \ = 2.067  = °*726 

1+W  (oars] 


5p  = (0.726) (0.857 ) = 0.622 

H1 

From  ES  115;  page  3-51;  7^  : 
HI  = (1*65) (5*0)  = 8.15  ft. 


1.65 


H* 


JCti_ 

KfPf 


0.190 


= (8.15)  = 8.696 


Hf  = 10.0  ft. 


K p 


Since  > Hi  7^ — 
f e Kf^f 


case  c exists. 


5 = 0.726 

Classify  (ES  117;  page  3-59) 

2Kp5p  = (2) (0.19) (0.622)  = 0.236 


H, 


2Kp 


= 2.95 


2(0.19)  = 3.257 
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b 

b. 


d 6.0 

3-5 


= 1.714 


Since  ^d  ^ ^cl  the  conduit  is  classed  as  a ditch  conduit 
bc  bc 


Obtain  C-,  from  ES  ll8,  page  3~6l. 


_ 3Q.0 

b,  6.0 
a 


5.0 


From  ES  114,  page  3~43,  K = 0.335 

p for  backfill  = O.58,  P for  ditch  wall  = O.36. 
The  smallest  value  of  p is  O.36  therefore  p!  = O.36 


Kp!  = (0»333)(0.36)  = 0.120 


cd  = 2.92 

Solve  for  WQ  = Cd7bd2  = (2 .92 ) (120) (6.0)2  = 12, 6l4  lbs/ft. 
2.  Find  the  load  on  the  conduit  when  bd  = I5.O  ft. 

The  values  of  5 computed  in  part  1 will  remain  unchanged. 

5 = 0.726 


Determine  classification  from  ES  117,  page  3~59 
2KpSp  = (2)(0.19)(0.622)  = O.236 


^ ^ = (2)(0.i9)  = 5.25? 

*4 

— = 2.95 

UC 


^d  _ 15.0 

bc  ' 3-5 


4.286 


Since  ^d  ^d 

bc  *c 
conduit . 


the  conduit  is  classed  as  a positive  projecting 


Sub-classify  (ES  117,  page  3“5l)«  Since  the  conduit  is  rigid,  it 
is  classed  as  a projection  condition. 


sp  = (0.726) (0.857 ) = 0.622 
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He 

r~  = 1.62 

bc 


H, 


30.0 


bc  3.5 


8.571 


Since  ^ ^ the  conduit  is  classed  as  the  incomplete  condition 

bc  bc 

Obtain  C from  ES  ll8,  page  3_63 
3? 


2Kp6p  = (2)(0. 19)0. 622  = 0.236 


H 


2K|J  ^ = (2)(0.19)(8.571)  = 3.257 


2K*iCp  = 5-75 

CP  (2) (0.19)  " ■L5-±'5 


Wc  = Cp  7tc2  = (l5.13)(120)(3-5)2  - 22,240  lts/ft. 


* 


% 
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CHAPTER  2 - SUPPORTING  STRENGTH  OF  RIGID  PIPE  CONDUITS* 


The  supporting  strength  of  a pipe  is  the  maximum  total  load  the  pipe  is 
capable  of  restraining  without  failure.  The  safe  supporting  strength  of 
an  underground  rigid  pipe  depends  on  three  major  factors;  strength  of 
pipe,  load  factor,  and  the  safety  factor. 


Strength  of  Pipe  R^ 


The  supporting  strengths  of  short  lengths  of  pipes  are  determined  by 
direct  test  for  certain  standard  load  distributions.  The  most  common 
method  of  determining  supporting  strength  of  pipes  is  the  three-edge 
bearing  test1  (Fig.  2-1  and  Fig.  2-2a). 

The  American  Society  for  Testing  Materials  (ASTM)  has  set  forth  specifi- 
cations or  standards  for  manufactured  pipe  of  various  materials.  These 
specifications  give  the  pipe  dimensions  and  their  supporting  strength 
Rgk  for  the  three-edge  bearing  test.  For  reinforced  concrete  pipe  the 
supporting  strength  is  expressed  as  the  ultimate  load  and  also  as  the 
load  to  produce  0.01- inch  crack  in  the  pipewall.  For  reinforced  concrete 
pipe  the  value  of  Rgb  to  produce  0.01-inch  crack  is  used  in  this  Tech- 
nical Release.  For  other  types  of  rigid  pipes  it  is  the  ultimate  load. 

The  supporting  strength  as  determined  by  the  three-edge  bearing  test  is 
used  for  the  derivation  of  the  safe  supporting  strength  of  underground 
conduits.  The  use  of  the  supporting  strength  as  determined  by  other 
standard  tests  requires  a revision  of  formulas. 

The  values  of  Reb  for  various  types  of  rigid  pipes  meeting  ASTM  specifi- 
cations are  given  in  ES-119^  pages  3-67  to  3-71  • The  values  of  Reb  for 
rigid  pipes  not  included  in  ES-119  may  be  obtained  from  ASTM  specifica- 
tions. Some  ASTM  specifications  express  the  strength  of  the  pipe  in 
terms  of  D loads.  The  value  of  Reb  lor  these  pipes  is 

Eeb  = M (2-1) 

where  d = nominal  diameter  of  the  pipe,  ft 


Load  Factor  Lp 


In  a field  installation  the  supporting  strength  of  a pipe  is  greater  than 
that  determined  by  the  three-edge  bearing  test.  A more  favorable  load 
distribution  exists  on  pipes  in  the  field  installation  than  that  of  the 
three-edge  bearing  test. 


* Rigid  pipe  conduits  are  defined  as  pipes  whose  cross-sectional  shape 
cannot  be  distorted  sufficiently  to  change  their  vertical  and  hori- 
zontal dimensions  more  than  3 percent  without  causing  materially  injuri- 
ous cracks  in  the  pipe. 
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Fig.  2-1  Arrangement  of  conduit  and  bearing  blocks  for 
standard  three -edge  bearing  laboratory  tests  of  culvert  pipe 


( 


Total  Load  = Wc 


Fig.  2-2a  Assumed  load 
distribution  for  the  case 
of  three-edge  bearing 


Fig.  2-2b  Assumed  load  distri- 
bution on  an  underground  conduit 
installed  on  a projecting  bedding 


( 
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The  load,  factor  is  the  ratio  of  the  supporting  strength  of  the  pipe  in 
any  stated  loading  condition  Rc  to  the  supporting  strength  of  pipe  in 
three-edge  hearing  Reh • 


L =-5s- 

f Reb 


(2-2) 


where  Lp  = load  factor 

Rc  = supporting  strength  of  pipe  for  a stated  load  pattern, 
lbs/ft  length  of  pipe 

Ret  = supporting  strength  of  pipe  for  three-edge  bearing  load, 
lbs/ft  length  of  pipe 

The  value  of  a load  factor  depends  on  the  type  of  cradle  or  bedding  asso- 
ciated with  the  conduit  together  with  the  classification  of  the  under- 
ground conduit.  Beddings  are  a type  of  construction  which  provide  a dis- 
tribution of  vertical  reaction  along  the  lower  surfaces  of  the  conduit. 
Cradles  furnish  a lateral  support  as  well  as  a distribution  of' vertical 
reaction. 


Load  Factors  for  Ditch  Cradles  and  Beddings 

Ditch  cradles  and  beddings  are  associated  with  those  underground  conduits 
for  which  no  lateral  loads  from  the  adjacent  materials  are  assumed  to  act 
on  the  conduit.  Only  two  classifications  of  underground  conduits  are 
associated  with  ditch  cradles  and  beddings.  They  are  ditch  conduits  and 
negative  projecting  conduits,  ditch  condition.  For  these  two  classifi- 
cations, the  backfill  adjacent  to  the  conduit  is  more  compressible  than 
the  material  in  the  ditch  walls.  Since  none  of  the  vertical  loads  are 
assumed  to  be  transmitted  through  the  material  adjacent  to  the  conduit, 
no  lateral  forces  are  considered  to  exist  on  the  conduit. 


The  load  factors  for  ditch  cradles  and  beddings  are  determined  experi- 
mentally for  various  types  of  cradles  or  beddings.  Because  of  the  wide 
variety  of  cradles  and  beddings,  it  is  practical  to  group  them  and  assign 
load  factors  which  will  give  safe  supporting  strengths. 

Values  of  Lp  for  various  ditch  beddings  and  cradles  are  given  in  ES-120, 
page  3-73* 

Load  Factors  for  Projecting  Cradles  and  Beddings 

Projecting  cradles  and  beddings  are  associated  with  those  underground 
conduits  for  which  lateral  loads  are  assumed  to  act  on  the  conduit.  All 
classifications  of  underground  conduits  except  ditch  conduits  and  nega- 
tive projecting  conduits,  ditch  condition,  are  associated  with  project- 
ing cradles  and  beddings.  The  value  of  the  load  factor  for  projecting 
cradles  and  beddings  depends  on  the  magnitude  and  distribution  of  verti- 
cal and  horizontal  loads. 

Figure  2-2b  is  a generalized  load  pattern  consisting  of  five  variables 
((3,  a or  p , r,  K-j-,  and  Wc).  This  pattern  was  prepared  from  a study  of 
experimental  data  of  loads  on  underground  conduits.  Because  of  the  va- 
riety of  values  of  these  five  variables,  it  is  impractical  to  obtain 
load  factors  by  actual  test.  An  expression  of  the  load  factor  in  terms 
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of  these  variables  has  been  analytically  derived.5  It  is  determined  by 
the  following  procedure: 

The  maximum  allowable  fiber  stress  in  a pipe  for  the  three-edge  bearing 
test  is  derived  (Fig.  2-2a).  This  is  set  equal  to  the  derived  maximum 
fiber  stress  for  the  assumed  load  pattern  given  in  Fig.  2-2b . The  re- 
sulting equation  is  rearranged  to  give  Rc/Rgb  or  the  load  factor  Lp. 

The  derivation  is  given  in  Appendix  B. 

The  five  variables  of  the  load  pattern  are 


1.  — ratio  of  total  lateral  load  to  vertical  load.  An  expres- 

sion for  the  value  of  Kp  is  obtained  by  the  following 
procedure:  Rankine’s  formula  for  active  lateral  pres- 

sure i s 

p = 7hK 

where  p = intensity  of  lateral  pressure,  lbs/ft2 

h = vertical  height  from  any  point  within  the 
embankment  to  the  upper  surface  of  the 
fill,  ft 

K = ratio  of  active  horizontal  pressure  at  a 
point  to  vertical  pressure 
7 = unit  weight  of  embankment  material,  lbs. /ft. 3 

The  total  active  lateral  pressure  on  a rigid  pipe  is 


H^c  — ^ 


Kpbc 


Substituting  the  value  of  WQ  from  Eq.  1-5  page  1-9 


2.  r = mean  radius  of  pipe,  ft 


(2-3) 


5.  (3  = one-half  of  the  central  angle  subtended  by  the  arc  of  the 

pipe  over  which  the  upward  vertical  reactions  are  act- 
ing. This  value  depends  on  the  type  of  cradle  or 
bedding. 

4.  a — one-half  of  the  central  angle  subtended  by  the  arc  of  the 
pipe  over  which  no  lateral  loads  are  acting  on  the  pipe. 
Thus, 


P 


1 - sin  (a  - 90°) 


(2-k) 


5.  Wc  is  evaluated  in  accordance  with  Chapter  1. 
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The  load  factor  for  projecting  cradles  and  bedding,  derived  in  Appendix 
B,  is 

T = 1~ltV 

f Xp  - Ktxa 

where  Xp  is  a function  of  the  distribution  of  the  vertical  load  and 
vertical  reaction  (see  Appendix  B for  the  equation  for  Xp). 
The  values  of  Xp  depend  on  the  type  of  projecting  cradle  and 
bedding,  and  were  determined  by  experimentation,  analysis,  or 
approximation.  Values  of  Xp  for  various  cradles  and  beddings 
are  given  in  ES-120,  pages  5-74  to  5-76 • 

Xa  is  a function  of  the  projection  onto  a vertical  plane  of  the 
area  of  the  pipe  over  which  the  lateral  loads  are  assumed  to 
be  distributed  (see  Appendix  B for  the  equation  for  Xa). 

For  uncradled  pipe  the  lateral  loads  are  assumed  to  act  on  that  portion 
of  the  pipe  that  is  above  the  natural  ground.  Considering  a length  of 
pipe  of  1 foot,  this  area  is  pbc.  When  p is  greater  than  unity  (p  > l) 
the  height  of  the  projected  area  over  which  the  lateral  loads  are  dis- 
tributed is  only  bc  and  the  value  of  Xa  will  correspond  to  a value  of 
p = 1.0.  The  lateral  forces  on  cradled  pipes  are  assumed  to  be  trans- 
mitted through  the  cradle  to  the  pipe,  thus,  the  loads  are  assumed  to  be 
acting  on  the  same  area  as  for  uncradled  pipe.  Values  of  Xa  for  pipes 
on  cradles  and  beddings  for  various  values  of  p may  be  obtained  from  the 
curves  in  ES-120,  page  5-77* 

Safety  factor  s 

The  safe  supporting  strength  of  pipe  is  the  supporting  strength  of  a 
pipe  divided  by  the  safety  factor.  Safety  factors  are  recommended  for 
various  types  of  materials.  Since  the  value  -of  Rep  for  rigid  pipes 
other  than  reinforced  concrete  are  specified  as  strengths  for  ultimate 
loads,  a factor  of  safety  of  1.5  or  2.0  may  be  used.  Values  of  Rep  for 
reinforced  concrete  are  based  on  the  load  to  produce  0.01-inch  crack 
in  the  pipe.  A factor  of  safety  of  1.0  is  considered  satisfactory  for 
reinforced  concrete  pipe  for  the  following  reasons:8 

1.  The  three-edge  bearing  load  to  produce  the  0.01-inch  crack  is 
the  minimum  load  that  random  samples  of  the  pipe  must  meet, 
thus,  in  practice  samples  usually  withstand  more  than  the  mini- 
mum required. 

2.  Within  time  limitations  concrete  pipe  increases  in  strength 
with  age. 

5.  Other  design  variables  are  generally  chosen  to  produce  a safe 
structure,  thus  making  the  conservative  choices  additive. 

4.  Failure  is  reached  only  at  a load  considerably  in  excess  of 
the  cracking  three-edge  bearing  load. 


(2-5) 
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Equations  for  the  Safe  Supporting  Strength  of  Pipes  Rq 

The  symbol  Rq  is  used  to  represent  the  safe  supporting  strength  of  the 
pipe  in  pounds  per  foot  length. 

1.  Ditch  cradles  and  beddings. 


Df  Reb 
s 


(2-6) 


2.  Projecting  cradles  and  beddings, 
a.  Beddings 


Rd  = ~ 

a s 


Rc  1.4-31  Reb 


(2-7) 


s(Xp 

where  X^,  and  Xp  are  defined  by  Eqs.  2-3,  B-15,  and  B-l6. 


b.  Cradles 


Rr 


Rc  iMl  Reb 


(2-7) 


s s(xp  “ Ktxa) 
where  Xq.,  and  Xp  are  defined  by  Eqs.  2-3,  B-20,  and  B-21, 


Internal  Fluid  Pressures 


Positive  internal  fluid  pressure  causes  tensile  stresses  in  the  pipe 
wall.  These  tensile  stresses  add  algebraically  with  the  flexural 
stresses  caused  by  the  external  loads.  The  conduit  is  not  capable  of 
supporting  as  large  an  external  load  as  it  would  support  when  no  in- 
ternal fluid  pressure  exists.  When  positive  internal  fluid  pressure 
exists,  the  value  of  three-edge  bearing  strength  Re^  used  in  the  sup- 
porting strength  formulas  is  reduced.  The  adjusted  value  of  Rg^  is6 


■^eb 


(2-8) 


where 


R^k  = value  of  the  reduced  supporting  strength  of  a pipe  having 
positive  internal  pressure,  lbs/ft.  It  is  substituted 
in  the  supporting  strength  formulas  for  the  three -edge 
bearing  strength  Rg^ . 

N = bursting  pressure  of  the  pipe,  lbs/in2 

p-j_  = internal  pressure  in  the  pipe,  lbs/in2 


The  bursting  pressure  of  a reinforced  concrete  pipe  is 


afs 

6a 


n = 


(2-9) 
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where  a = cross  sectional  area  of  the  circumferential  steel  in  one 
foot  of  pipe,  in2 

fs  = allowable  stress  in  reinforcing  steel,  lbs/in2 
d = inside  diameter  of  the  pipe,  inches 

The  operating  internal  pressure  is  usually  small  compared  to  the  burst- 
ing strength  of  the  pipe.  The  effect  of  internal  pressures  on  the  sup- 
porting strength  of  rigid  pipes  installed  as  underground  conduits  is 
usually  neglected  except  for  extremely  high  internal  pressures. 


Effect  of  Hydrostatic  Load 

A hydrostatic  load  has  a similar  effect  on  stresses  in  a pipe  wall  as 
negative  internal  pressure.  The  compressive  stresses  resulting  from  a 
hydrostatic  load  reduce  the  critical  tensile  stresses  created  by  earth 
loads.  Therefore,  hydrostatic  loads  are  usually  neglected  in  calcula- 
ting loads  on  rigid  circular  pipes. 

Procedure  for  Determining  Safe  Supporting  Strength 


Fig.  2-3*  Procedure  for  determining  the  safe  supporting  strength  of 
a conduit  installed  as  a ditch  conduit  or  a positive 
projecting  conduit. 
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Example  - Determining  Safe  Supporting  Strength 

Given:  1.  A 36  n Class  III  Wall  A pipe  (ASTM  C76-57T)  is  proposed 

for  installation  on  a type  A2  cradle. 


2.  The  height  of  fill  above  the  conduit  is  35  ft. 

3.  The  distance  pbc  = 4.5  ft. 

4.  The  distance  = 12  ft. 

5.  The  bottom  width  of  the  cradle  is  5.0  ft. 


6.  The  backfill  material  has  a unit  weight  of  100  lbs/ft2 3 
and  an  angle  of  internal  friction  of  28°. 


7. 

8. 
9. 


The  ditch  wall  and  foundation  material  has  an  angle  of  in- 
ternal friction  of  30° • 


The  value  of 


A load  factor  L. 
if  it  is  classei 


E 


of  3*0  may  be  used  for  this  installation 
as  a ditch  conduit . 


10.  A safety  factor  of  s = 1 may  be  used. 

Find:  1.  The  safe  supporting  strength  of  the  conduit  if  the  ditch 

in  which  it  is  installed  is  7 ft  wide. 

2.  The  safe  supporting  strength  of  the  conduit  if  the  ditch 

which  it  is  installed  is  13  ft  wide. 


f 
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Solution: 


Use  the  procedure  given  in  figure  2-3* 

1.  Obtain  5 - ES-115*  page  3“45 

From  ES-115^  page  3~47  either  case  c or  case  d exists 

b = 5.0  ft. 


Assume  case  c 
pb 

P = T 


- = = 1.286 
o 3*5 


Since  the  natural  ground  is  at  the  bottom  of  the 
cradle  = 0 (ES-114,  page  3~42) 

From  ES-114,  page  3“43,  Kp  = 0.19>  Kppp  = 0.19 


0 


5 (Case  c)  = 


1 + h>  1^86 

1 + d: ) 0U9 


= 0.5 


5p  = (0.5) (1.286)  = 0.643 
From  ES-115>  page  3“5 1 > ^~  = I.65 

Hg  = (i.65)(5-0)  = 8.25 

He  = ^ = (8-25)  §ig  - 8-25 

Since  H_p  > h!  — case  c exists 
^ e Kfpf 

5 = 0.5,  dp  = 0.643 
Classify  - ES-117*  page  3~59 
2KpSp  = (2)(0. 19)0. 643  = 0.244 


2Kp 


^ = (2)  (0.19)  = 3-80 


b 


d 


U ■ 3-13 

^d  _ ]\o_ 


b. 


3.5 


-=  2.0 


bd  bd 

Since  — < — the  conduit  is  a ditch  conduit. 

Dc  Dc 

Obtain  Lp  from  ES-120,  page  3~73* 

Lf  = 3-0  (given) 

Obtain  from  ES-119>  page  3-67  • 

RqP,  = 4050  lbs/ft. 

Solve  for  Rd  = Lf^—  = (3.-Q3. (^Q5Ql  = 12,150  lbs/ft. 
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2.  The  value  of  5 is  the  same  as  for  part  1 
5 = 0.5,  5p  = 0.645 


/ 

% 


Classify  - ES-117;  page  5-59 


b 


= 5*15  (from  part  l) 


= = 5-714 


5-5 


b’ 


b,  -a 

Since  the  conduit  is  classed  as  a positive  pro- 

bc  bc 

jecting  conduit.  Since  a rigid  conduit  is  used,  the 
conduit  is  sub-classed  as  the  projection  condition. 


Sub-classify  (ES-117;  page  5-57) 
He 

v-  = 1-65 


Kr 


35—  - io 
5-5 


Hc  He 

Since  — > — the  conduit  is  classed  as  the  incomplete 

condition 

Obtain  C from  ES-118,  page  5-65 

ir 


H0 

2KU  r-  = 3.80 

uc 

2Kp5p  = 0.244 


2KpCp  = 6.85 

c _ 6.85 

P “ (2 ) (0.19) 


ut  Cp\bc  ‘ 2/ 

Since  p = 1.286  is  greater  than  1 use  p = 1 

From  ES-114,  page  5“45>  K = O.56 
_ (J-)(0Q61  (JS.  + l\  _ n 210 

17.97  3-5  2 °' 


Kt  - 


Obtain  Xa  from  ES-120,  page  5~77 
Since  p > 1 use  p = 1 

xa  = 0.658 
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Obtain  X from  ES-120,  page  3~74 

lr 

X = 0.45 
P 

0 , _p  T 1.431  1.431 1.431 

Solve  for  Lf  - Xp-KtXa  " 0. 45-(0. 210) (0. 638)  ~ O.316  ~ 

Obtain  R ^ from  ES-11S4  page  3-67 
Reb  = ^°5°  lbs/ft* 

Solve  for  Rd  = ^ = 18, 34?  lbs/ft. 


4.53 


* 
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CHAPTER  3 - FORMULAS  OBTAINED  BY  EQUATING  EXPRESSIONS  FOR 
LOAD  AND  SAFE  SUPPORTING  STRENGTH  OF  POSITIVE  PROJECTING  CONDUITS 


The  load  on  an  underground  conduit  can  be  determined  by  the  use  of  the 
equations  in  Chapter  1.  Similarly,  the  safe  supporting  strength  of  a 
conduit  can  be  determined  by  the  use  of  the  equations  in  Chapter  2. 
Sometimes  neither  of  these  quantities  are  specifically  desired  in 
practical  design  problems.  Then  the  question  to  be  answered  is  one 
of  three  types. 

1.  What  are  the  allowable  classes  of  pipes  that  can  be  used  for 
a given  embankment  height  and  cradle? 

2.  What  are  the  types  of  cradles  or  beddings  that  can  be  used  for 
a given  embankment  height  and  pipe? 

3.  What  are  the  allowable  fill  heights  Hca  over  the  top  of  the 
pipe  for  a given  cradle  and  pipe? 

Chapter  3 is  written  to  facilitate  the  solution  of  each  of  the  three 
questions  without  predetermination  of  the  load  or  allowable  strength  of 
the  positive  projecting  conduit.  This  is  desirable  because  fewer  calcu- 
lations are  required. 

The  expression  for  the  load  on  the  conduit  is  equated  to  the  expression 
for  the  safe  supporting  strength  of  the  conduit.  This  equation  is  rear- 
ranged to  permit  graphical  presentations  of  certain  portions  of  the 
equation.  Such  a rearrangement  will  usually  permit  an  easy  solution 
without  trial  and  error  methods  for  any  one  of  the  three  quantities. 

The  procedures  for  the  determination  of  each  of  the  three  quantities 
listed  above  are  given  on  ES-113;  pages  3-37  to  3-39. 


Positive  Projecting  Conduits,  Complete  Projection  Condition 
(Projecting  Cradles  and  Beddings) 

Equate  Eqs.  1-5  and  2-7. 


Cp7bc‘ 


1.431  Reb 


where 


cp  = 


7 EH 

XP~  Cp 


2Kn(Hc/bc) 

e - 1 


Hc  p 


2Kn 


(5-1) 


(l-5a) 


Rearrange 


1.431  Rph 

— = CpXp  — K 

S7b0  P 


pXa 


(h  + p 

he  2 1 


(5-2) 
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Let 


Then 


T = pXa 


l.kjil  Bg-h 

s7bca 


CpXp  - KT 


(3-3) 

(3-4) 


Values  of  Cp  are  determined  from  the  charts  in  ES-118,  pages  3-63  and. 
3-65*  Values  of  Xp  for  various  types  of  beddings  and  cradles  are  given 
in  ES-120,  pages  3-77  to  3-76.  Values  of  K for  various  values  of  4>  are 
determined  from  the  chart  in  ES-117,  page  3-73*  Values  of  T for  various 
values  of  p and  Hc/bc  are  read  from  the  charts  in  ES-121,  pages  3-79  and 
3-81. 


The  expression  to  the  left  of  the  equal  sign  in  Eq.  3-7  represents  the 
strength  factor  FSp  that  is  provided  by  a given  pipe  for  a particular 
installation. 


F = 
1 sp 


1.731  Rgfo 
s7b  2 


(3-5) 


Values  of  Fsp  for  various  pipes  are  determined  from  ES-119*  pages  3-67 
to  3-71. 


The  expression  to  the  right  of  the  equal  sign  in  Eq.  3-7  represents  the 
strength  factor  Fsr  that  is  required  for  a particular  installation. 


Fsr  = cpxp  - KT 


(3-6) 


When  the  allowable  height  of  fill  Hca  is  to  be  determined,  Eq.  3-2  is 
rearranged 


2Kn(Hc/bc 


Kpx 


a 


Xp 


^ V1  =u 


(3-7) 


where 


U 


2KUFsp  + KpKpgXa  + Xp  ^ 

Xp 


The  solution  of  Eq.  3-7  is  facilitated  by  the  use  of  ES-122,  page  3-83* 

Values  of  Xa  for  various  values  of  p are  read  from  the  curves  in  ES-120, 
page  3-77* 


In  Eq.  3-7  and  Eq.  3~7a  the  value  of  p cannot  be  greater  than  one. 
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Positive  Projecting  Conduits,  Incomplete  Projection  Condition 
(Projecting  Craciles  and  Beddings) 


Equate  Eqs.  1-6  and  2-7* 


where 


1.431  Rgp, 

Cp7bc  - 

PKXa 

/He 

p\ 

s 

[XP-  Cp 

[r 

+ 5) 

2Kn(He/bc) 

e - 1 

P 4- 

Hc 

He' 

LP  ~~  2K+i 

^c 

Eq.  3-1* 

1.431  Rgb 

r~ 

/He 

s7^c2 

= CpXp  - K 

pXa 

2K„(He/bc) 


Let 


T = pX 


a 


He  p 
bc  + 2 


Then 


J-^31  Reb 
s7b„s 


(3-1) 


(l-6a) 


(3-2) 


(3-3) 


CpXp  - KT (3-4) 


Values  of  Cp  are  determined  from  the  charts  in  ES-118,  pages  3-63  and 
3-65*  Values  of  Xp  for  various  types  of  beddings  and  cradles  are  given 
in  ES-120,  pages  3-74  to  3-76.  Values  of  K for  various  values  of  are 
determined  from  the  chart  in  ES-114,  page  3-43*  Values  of  T for  various 
values  of  p and  Hc/bc  are  read  from  the  charts  in  ES-121,  pages  3-79  an(l 
3-81. 


The  expression  to  the  left  of  the  equal  sign  in  Eq.  3-4  represents  the 
strength  factor  FSp  that  is  provided  by  a given  pipe  for  a particular 
installation. 


1.431  Rgb 

S7bc2 


(3-5) 


Values  of  FSp  for  various  pipes  are  determined  from  ES-119;  pages  3-67  to 
3-71. 


The  expression  to  the  right  of  the  equal  sign  in  Eq.  3-4  represents  the 
strength  factor  Fsr  that  is  required  for  a particular  installation. 


F sr  ~ CpXp  XT 


(3-6) 


3-b 


When  the  height  of  fill  Hca  is  to  he  determined,  Eq.  3-1  is  rearranged 
in  the  form 


v 

Hc  FSp  + 0-5  Kpa  Xat^(xex-ext  1) 
bc  ex  xp  - KoXa 

He 

where  x = 2Kh  : — 
h0 


(3-8) 


Values  of  Xa  for  various  values  of  p are  read  from  the  curves  in  ES-120, 
page  3-77. 

When  p > 1,  use  p = 1 for  substitution  into  Eq.  3-8*  Eq.  3-8  is  solved 
by  the  following  procedure: 


Find  the  value  of  G“—  x from  the  relation 

— x = 2Kp5p  + 1 — Use  the  actual  value  of  p in  this  equation. 
Obtain  x from  ES-123*  page  3-87. 

Obtain  0X  from  the  relation 

ex=  (ex-  x)  + x 

Substitute  these  values  into  Eq.  3-8. 


r 


* 
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Examples 

Examples  have  been  prepared  to  illustrate  the  solution  of  underground 
conduit  design  problems,  using  the  procedures  and  computation  aids 
given  in  ES-113  through  ES-125*  The  following  tabulation  permits  the 
selection  of  examples  which  illustrate  solutions  by  various  methods. 


Example 

Number 

Find 

Classifi- 

cation 

Sub clas- 
sification 

Case 
of  5 

Type  of 
Rigid 
Pipe 

Bedding 

or 

Cradle 

In  a 
Ditch? 

1 

Pipe 

Bitch 

-- 

c 

any 

bedding 

yes 

t 2 

Pipe 

Pos.  Proj. 

Incomplete 

b 

any 

cradle 

no 

3 

Pipe 

Pos.  Pro j . 

Incomplete 

c 

any 

bedding 

no 

4 

Bedding 

Pos.  Proj. 

Incomplete 

d 

clay 

bedding 

yes 

5 

Cradle 

Pos.  Proj. 

Incomplete 

a 

r/c 

cradle 

no 

* 6 

Bedding 

or 

Cradle 

Pos.  Proj. 

Incomplete 

c 

r/c 

either 

no 

t 7 

Hca 

Pos.  Proj. 

Incomplete 

d 

r/c 

bedding 

no 

8 

HCa 

Pos.  Proj. 
Ditch 

Incomplete 

c 

concrete 

cradle 

yes 

9 

HCa 

Pos.  Proj. 
Ditch 

Complete 

a 

r/c 

bedding 

yes 

10 

Hca 

Pos.  Proj. 

Incomplete 

c 

r/c 

cradle 

no 

^Example  6 illustrates  the  type  of  solution  required  to  determine  the 
unknown  quantity  at  more  than  one  point  under  a dam. 

tExamples  2 and  7 illustrate  the  effect  of  changing  the  value  of 


JL 
7 Ef 


Example  No . 1 

Given:  1.  A 24 -inch  rigid  pipe  conduit  is  proposed  for  installation  in 

a 42-inch  ditch  (bq  = 42  in.).  The  ditch  is  in  a very  deep  uniform 
material  which  has  an  angle  of  internal  friction  of  30°,  a unit 
weight  of  120  lbs/ft3,  and  a modulus  of  consolidation  Eq  = 11.4 
tons/ft2.  The  maximum  depth  of  the  ditch  is  25.6  ft.  The  distance 
pbc  = 1.6  ft. 

2.  The  backfill  material  has  the  following  properties  when  com- 
pacted to  required  density: 

(a)  unit  weight  7 = 120  lbs/ft3 

(b)  angle  of  internal  friction  $ = 50° 

(c)  modulus  of  consolidation  E = 10  tons/ ft2 
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3.  A first-class  bedding  (Type  B ditch  bedding  or  Type  B2  pro- 
jecting bedding)  is  proposed  (ES-120,  pages  3-73  to  3-76). 

Consider  0.01-inch  crack  permissible  for  safe  design  for  R/C 
pipe  and  use  1.5  safety  factor  for  clay  and  non-reinforced  concrete 
pipe . 

Determine : A rigid  pipe  that  can  be  used. 


Solution: 

List  data  (ES-114,  pages  3-4l  and  3-42) 

7 = 120  lbs/ft3 

42 

= Y2  = ft 

p = p1,  therefore,  Kp  = Kp  ’ =0.19  (ES-114,  page  3-43) 
s =1  for  R/C  and  1.5  for  other  pipes 


Follow  procedure  on  ES-113*  page  3-37 
Assume  bc  = 2.5  ft 

Find  5 (Follow  procedure  on  ES-115;  page  3-45) 

From  ES-115,  page  5-47  > case  c applies  since  the  material  is 
very  deep. 


b = bc  =2.5  ft  (ES-114,  page  3-41 ) 
Solve  for  5 


Pbc  _ 1 . 6 
bc  “ 2.5 


0.640 


P 
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fbr  = bp  - 1.6  = 2.5  - 1.6  = 0.9  ft 


t = = 0060 

2.5 

JSL_  = ! 

Kf  Hf 

h = 1 

7 

E 10.0  ^ O r-yr-j 

5;  = ir¥  = 0-8T7’ 

t 0.J60 

p = otfo  = °-562 

_ 1 + ( 0 ■ 877 ) (0 • 562 ) _ 1.493 
0 _ 1 + 0.877  (1)  “ 1.877 


'If  _E 
7 E^j 


= O.877 


0.796 


Check  whether  classification  is  ditch  conduit  or  positive  project- 
ing conduit  (use  ES-117.  page  .5-59  ) • 

h = 2?-6-l.6^8~80)  2*1  fs  = 3.344 

5p  = (0.796) (0.640)  = 0.509.  2KpSp  = 0.1954 


Dh  5.5 


hc  2.5 
bd 

- = 2.90 
uc 

bd 


= 1.40 


*d 


Since  : — < , — , the  conduit  is  classed  as  a ditch  conduit. 
hc  bc 


Obtain  Cd  from  ES-118,  page  5-61. 


H, 


}d 


22 

5.5 


= 6.29 


Kp ’ = 0.19 
cd  = 2.58 


Obtain  from  ES-120,  page  5-75.  Ld  = 1.9 

Solve  for  Wc  = Cd7bd2  = (2 . 58) (120 ) (5 . 5)2  = 5500  Ibs/ft 
Let  Wc  = Rd.  Solve  for  Red)  required. 

= = ^p9°°^  = 181+0  lbs/ft  (for  R/C  pipe) 

Reb  = = 2760  lbs/ft  (for  other  types  of  pipes) 

From  ES-119.  pages  5-67.  5-69  . and  5-71.  any  24-inch  reinforced 
concrete  pipe  having  a value  of  Red)  equal  to  or  greater  than  1840 
lbs/ft  may  be  selected.  Any  24-inch  non-reinforced  concrete  or 
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clay  pipe  having  a value  of  Rg^  equal  to  or  greater  than  2760 
lbs/ft  may  be  selected. 


Select  an  extra  strength  clay  pipe. 

Reb  = ^°°>  bc  = 2.292 

Obtain  5 using  new  bc  value  (ES-115>  page  3-45)  Case  c still  exists 


P = 


l.i 


2.292 


O.698 


fbc  = 2.292  - 1.6  = 0.69 

t = TTzgz  = 0-301 

t _ P.-303-  _ o k,-, 

P - 0.698  - o-451 

5 (case  c)  _ 1 + (0-877 ) (0.431)  _ ^ 

5 (case  c;  — 1+(0.677)(i)  - 0-734 

Classify--ES-117>  page  3~57 
2KqSp  = (0.38) (0.73*0  (O.698)  =0.19^7 


2Kq 

bi 


5c 

b. 


= (0.38) 


22.0 

2.292 


= 3-65 


= 2.95 


b , 


.3.0 

2.292 


1-53 


bd.  bq 

Since  — < r— , classification  remains  ditch  conduit.  Selected 
bc  bc 

pipe  is  satisfactory. 


Example  No.  2 

Given:  1.  A 30-inch  pipe  (ASTM  Spec.  C76-57T)  is  proposed  for  instal- 

lation through  a dam  on  a type  A2  cradle  resting  on  rock.  The  con- 
duit is  not  installed  in  a ditch. 


2. 

The  distance  pbc  is  2.10  ft. 

3. 

The  distance  tbQ  is  1.42  ft. 

7. 

Use  a factor  of  safety  of  1. 

5* 

The  height  of  fill  above  the  top  of 

the 

pipe  is  l8.4  ft. 

6. 

When  compacted  to  required  density, 

the 

embankment  material 

has  a unit  weight  7 = 110  lbs/ft3  and  an  angle  of  internal  friction 
<D  of  32°. 

'll  JL 

7 Ef 


7.  Consider  that  the  value 


may  range  from  0.1  to  1.0. 
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Determine : Class  of  pipe  meeting  ASTM  Spec.  C76-57T  that  may  he  used. 


Solution: 

List  data  (ES-114,  pages  3-4l  and  3-42) 

7 = 110  lbs/ft3 

bc  will  vary  for  the  various  wall  thicknesses.  The  value  of  bc  for 
wall  B will  be  used  for  a preliminary  determination. 

bc  = 3.083  ft 

From  ES-114,  page  3-43,  K = 0.31,  Kp  = 0.19 
s = 1 

— ^ . 10  _ n 
P “ 3.083  “ 0,681 

Follow  procedure  on  ES-113,  page  3-37 
bc  is  assumed  as  3.083  ft 

Obtain  5.  Follow  the  procedure  given  on  ES-115,  page  3-45. 

From  ES-115,  page  3-47,  case  b applies. 


5=1  + 

f 


h jl 

7 Ef 
1.42 


f 

p 


3.083 


= 0.461 


0.461 


r = 0.677 


0.681 

^f  _E_" 

_ 7 Ef_ 

6 = 1 + 0.068  = 1.068 


When 


= 0.1 
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When  |£  f 

7 Ef 


= 1 


5 = 1 + 0.677  = 1.677 


>a 


Classify--Since  b^  = <x> , — > — , the  conauit  is  classea  as  a posi- 


b 


tive  projecting  conauit. 

Determine  subclassification  of  conauit  from  ES-117,  page  3-57* 
5p  (min)  = (1.068) (0.68l)  = 0.727 
5p  (max)  = (1.677) (0.68l)  = 1.142 
Ee 

— (min)  = 1.74 


^c 

^c 

bn 


(max)  = 2.13 


Since 


18.4 

3.083 

> 


Hr 


= 5.968 

He 


b, 


bc' 


conluit  is  classea  as  incomplete  conlition, 


)tain  Cp  from  ES-118,  page  3-63* 

Hc 

2Kp  pH  = 2.27 

^c 

2KpSp  = 0.276 
2KpCp  =4.07 
Cp  (min)  = = 10.71 

2Kp5p  = 0.434 

2KpCp  =4.51 

4.51 
" 0.38  ~ 

Obtain  Xp  from  ES-120,  page  3-74,  Xp  = 0.450 
Obtain  T from  ES-121,  page  3-79,  T =3*52  (for  cralles) 


Cp  (max)  = = II.87 


Solve  for  Fsr  = CpXp  - KT 

Fsr  (min)  = (10. 71) (0.U)  - (0.31)  (3.52)  = 3-73 
Fsr  (max)  = (II.87 ) (0.45)  - (0.31) (3.52)  = 4.25 
Note  that  the  range  of  Fqr  values  are  small  compare!  to  the  large 

• Pf  e]  , 

range  m — — values. 

7 Ep 

Select  pipe  (ES-119,  page  3-67 ) • 


s7Fsr  (max)  = (l) (110) (4.25)  = 468 
A class  III,  wall  B,  pipe  is  selectel. 


i 


s7F  sp  = 508.1 
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When  the  actual  value  of  t>c  for  the  selected  type  of  pipe  is  not 
equal  to  the  assumed  value,  the  solution  should  be  repeated.  The 
actual  value  of  bc  is  used  in  the  repeated  solution  which  deter- 
mines whether  FSp  is  greater  than  or  equal  to  Fsr. 


Example  No.  3 


Given:  1.  A 30-inch  pipe  with  type  B1  concrete  bedding  (bottom  width 

of  2.8  ft)  is  proposed  for  installation  through  a dam.  The  conduit 
is  not  installed  in  a ditch. 


2.  The  embankment  material  has  a unit  weight  7 = 110  lbs/ft3, 
an  angle  of  internal  friction  <t>  of  32°,  and  a modulus  of  consolida- 
tion E of  26  tons/ft2. 


3»  The  foundation  material  has  an  angle  of  internal  friction 
of  26°,  a unit  weight  7^  of  90  lbs/ft3,  a modulus  of  consolidation  E 
of  32  tons/ft2,  and  extends  to  a rock  layer  which  is  7-1  ft  below  the 
concrete  bedding. 


The  distance  pbc  =2.01  ft  and  fbc  = 1.11  ft. 

3.  The  height  of  fill  above  the  top  of  the  pipe  is  l8.4  ft. 

6.  Consider  0.01-inch  crack  permissible  for  safe  design  of  rein- 
forced concrete  pipe. 


Determine : Type  of  R/C  pipe  that  may  be  used. 


///A  AWAWAW/W/WAV//AVV//'X 

Embankment  material 

y = 110  lbs/ft3 

<t>  = 32° 

-=t 

E =26  tons/ft2 

7 

Type  Bl—  ^ 

Foundation  material 
7f  = 90  lbs/ft3 
*f  = 26° 

Ef  = 32  tons/ ft2 


Hj 
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Solution: 

List  data  (ES-117,  pages  3-7l  and  3-72) 

7 = 110  lbs/ft3 

From  ES-117,  page  3-73*  Kp  = 0.19>  K = 0.31 
s = 1.0 

Follow  the  procedure  on  ES-113>  page  3-37* 

Assume  bc  =3.083  (for  wall  B,  ASTM  Spec.  C76-57T) 

Obtain  5.  Follow  procedure  on  ES-115>  page  3-75* 

From  ES-115>  page  3-77  case  c or  case  d exists. 

Since  the  bottom  width  of  the  rigid  bedding  is  less  than  bc  use 

b = bc 
b = 3.083 

Solve  for 


1 + 

~lf  _E_ 

_ 7 Ef_ 

f 

P 

1 + 

If  E_ 
_7  Ef 

Kp 

Kf  Pf 

E _ 26  _ p.  O-i  -z 

Ef  “ 32  ~ ° 15 


7JL  = _2Q_ 
7 “ no 


0.818 


If  _E_ 

J Efl 

ijr  ^bc 
P “ pbc 


= (0.818) (0.813)  = 0.665 


1.11 

2.01 


0.552 


From  ES-117,  page  3-73  > Kfpf  = 0.19 > 
8 (case  c)  = 0.821 

4 

Find  — 
b 

_ 2.01  _ n 
P ~ 3.083  ~ °-652 

5p  = (0.821) (O.652)  = 0.535 

fjl 

From  ES-115*  page  3-51 > = 1-51 


Ku 

Kf  Pf 


0^12  _ i 

0.19 


Is  Hf 


< H ' 


Kf  Pf 


? 
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= (l.51)(3.083)  = 4.65 

^ 4 = (i)(4.65)  = 4.65 

Hf  = 7-1  ft 

Since  H-p  > -^J'-  Hi,  depth  is  sufficiently  great  and  case  c 
exists.  Kf^ 

6 = 0.821,  6p  = 0.535 


Classify--ES-117,  page  3-59. 

bd  bd 

Since  b^  = 00,  — > — , conduit  is  classed  as  positive  projecting. 

13  c ^c 


Determine  subclassification. 


5 

b. 


18.7 
3.085 

H0  He 


H, 


5.97,  From  ES-117;  page  3-57,  — = 1.51 

Dc 


Since  — > — , incomplete  condition  exists, 
c c 

Obtain  Cp 

2Kn  rp  = (0.38)(5-97)  = 2.27 

2Kp5p  = (0.38) (0.535)  = 0.203 
From  ES-118,  page  3-63 
2KiiCp  = 3.78 

0P  “ 0.38  “ y’y') 

Obtain  Xp  from  ES-120,  page  5-75. 

xp  = 0.65 

Obtain  T from  ES-121,  page  3-81. 

T = 2.28 


Solve  for 

Fsr  = CpXp  ~ KT 

= (9-95)(0.65)  - (0.31) (2.28) 

= 5.76 

Select  pipe  from  ES-119,  pages  3-67;  3-69;  and  3-71* 
s7Fsr  = (1)(110)(5.76)  = 634 

Any  pipe  having  a value  of  s7Fsp  > s7Fsr  is  satisfactory. 

A class  IV,  wall  B,  pipe  is  selected. 

If  a wall  A or  wall  C is  selected,  the  solution  is  repeated 
using  the  correct  value  of  bc. 
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Example  No.  4 

Given:  1.  A 36-inch  extra  strength  clay  pipe  (ASTM  Spec.  C200-55T)  is 

proposed  for  installation  in  a ditch  which  is  12  ft  wide. 

2.  The  depth  of  the  ditch  to  the  top  of  the  conduit  is  17  ft. 

3.  The  ditch  is  excavated  in  a clayey  material  having  a unit 
weight  7p  = 100  lbs/ft3,  a modulus  of  consolidation  Ep  of  30  tons/ft2, 
and  angle  of  internal  friction  $p  of  20°.  Borings  show  that  the 
clayey  material  is  essentially  uniform  down  to  a rock  layer  23 • 3 It 
below  the  surface  of  the  ground. 

4.  The  material  used  for  backfill  is  a loess  soil.  Tests  show 
that  when  the  backfill  material  is  compacted  to  the  required  density 
it  has  a unit  weight  7 of  100  lbs/ ft3,  an  angle  of  internal  friction 
<\>  of  26°,  and  a modulus  of  consolidation  E of  12  tons/ ft2. 

5.  The  distance  pbc  = 2.4  ft  and  fbc  =1.0  ft. 

6.  Use  a factor  of  safety  s of  1.5* 

Determine : The  type  of  bedding  that  may  be  used. 


Solution: 

List  data  (ES-114,  pages  3-4l  and  3-42) 
7 = 100  lbs/ft3 

bd  =12.0  ft 

For  the  ditch  wall  material  4>p  = 20° 
From  ES-114,  page  3~43>  M-p  = 0«37 
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For  the  backfill  material  <J>  = 26° 

From  ES-117,  page  3-43,  p = 0.48,  K = 0.38,  Kp  = 0.19 
Since  the  ditch  wall  material  has  the  smallest  value  of  p,  p* 

and  Kp*  = (0.38) (0.37)  = 0.l7l 
s = 1.5 

From  ES-119*  page  3-71;  hc  = 3-396  ft 
p = 5096  = °-707 

Follow  the  procedure  in  ES-113^  page  3-38. 

Obtain  5.  Follow  procedure  on  ES-115*  page  3-75. 

From  ES-115>  page  3-76,  either  case  c or  case  d exists, 
b = bc  = 3-396  ft 

Solve  for 


1 + 


5 (case  c)  = 


7f  E 


7 E 


fj 


P 


7f 

7 

_E_ 

Ef 


100 

100 

12 
30  r 


1 + 


1 


0.70 


If  _E_ 
7 Ep 


Kp 

Kp  pf 


7f  _E_ 
7 Ef 


= 0.70 


From  ES-117,  page  3-73>  KpPp  = O.I78 


0.19 


Kfpp  0.178 


1.067 


l _ iiO  _ k 
P " 2.7  “ °*4ir 

5 (case  c)  - l-±  lO^P)  (0-717)  _ l-lgT,  _ 0 8l8 

b (cas  c)  ± + (1>067)(0.70)  ~ 1.727  ~ 

Find  — from  ES-115>  page  3~51- 

5p  = (0.8l8)(0.707)  = 0.578 

TT  = 1-57 


Is  Hf  < 


Kp 


KpPp 

4 = (1-57 ) (3-396)  = 5-332  ft 


j^L 


K 


f4f 


^ = (1.067) (5-332)  = 5.689 


= 0.37 
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Hf  = 7.9  ft 

Hf  < 5.689  (shallow  depth,  case  d exists) 


r 


•y  | /p 

Compute  2Kwd  1 + \y  y £ [=  (0.38)(0.T07)[l  + (0.417)  (0.40)] 

^ L “ J = 0.31^ 

\y  I h ) 

Compute  2Kp  ' y y!  y = (0.40)  (0. 38)  = 0.219 

I — f_l 

Obtain  to  from  ES-115*  page  3-^9  • 
a)  = 0.6l 


Compute 


4 


to 


0.61 


= 1.605 


b 2Kjj.  0.38 
From  ES-115*  page  3-51  > obtain  Sp  = 0.6l 


5 = 


= 0.863 


P 0.707 

Determine  classification  from  ES-117*  page  3-59* 
Hc  17.0 

b 

= 2.43, 

'c 


uc  5-396  5‘006  ^ 

From  ES-117,  page  3-59,  y = 2.43,  y = yy  = 3-53 


bd  bd 

— > — , therefore,  the  conduit  is  classed  as  a positive  pro- 
c c jecting  conduit. 

Determine  subclassification  from  ES-117*  page  3-57* 

He 

— = 1.605 


Hc  He 

— > — , therefore,  the  conduit  is  classed  as  incomplete 
c c condition. 


Obtain  Cp  from  ES-118,  page  3-63* 

2Kp5p  = 0.2318,  2Kp(Hc/bc)  = 1.902 
2KnCp  = 3.23 

Cp  = 8.79 

From  ES-119,  page  3-71,  obtain  s7Fsp  = 7^7-5*  Fsp  = (iQQy^^) 

= 7.963 

From  ES-121,  page  3-8l,  obtain  T = 2.27  (for  beddings) 

Let  Fsr  = Fgp 

Solve  for  Xp  for  bedding 

_ Fsr  + KT  _ 7.963  + (0.38)(2.27)  _ 68 

cp  " 8.792  " 

Select  bedding  from  ES-120,  pages  3~75  and  3-76. 
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Any  bedding  having  a value  of  Xp  equal  to  or  less  than  the  calcu- 
lated value  is  allowable.  A type  B1  (concrete  bedding)  may  be  used. 


Example  No.  3 

Given:  1.  A 24,-inch  class  IV,  wall  A,  R/c  pipe  (ASTM  Spec.  C76-57T)  is 

proposed  for  installation  on  a concrete  cradle  which  rests  on  rock. 
There  is  no  foundation  material  adjacent  to  the  pipe  or  cradle.  The 
conduit  is  not  installed  in  a ditch. 

2.  The  distance  pbc  is  4.77  ft. 

3.  The  embankment  material  has  an  angle  of  internal  friction 
of  30°  and  a unit  weight  7 of  110  lbs/ft3. 

4.  The  proposed  height  of  fill  above  the  conduit  is  20  ft. 

5.  Consider  0.01-inch  crack  in  the  R/C  pipe  satisfactory  for 
design. 

Determine : Type  of  cradle  that  can  be  used. 


Solution: 

List  data  (ES-114,  pages  3-4l  and  3-42) 

7 = 110  lbs/ft3 

From  ES-119,  page  3-67 * bc  = 2.417  ft 
From  ES-114,  page  3-43 * K = 0.333*  Kp  = 0.19 


s = 1 
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P 


ihIL 

2.417 


1.974 


Follow  procedure  on  ES-113,  page  3-38. 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-45 • 

From  ES-115,  page  3-47,  case  a exists,  and  5 = 
Determine  the  classification  from  ES-117,  page 
*d  bd 

Since  b^  = 00,  - — > — , conduit  is  classed  as 
conduit . 

Determine  the  subclassification  of  the  conduit 


1.0. 

3-59. 

positive  projecting 
from  ES-117,  page  3-57 • 


5p  = (1.974) (1.0)  - 1.974 
5c  = 20.0 

bc  2.417 


= 8.27 


Lc  He 

Since  — >- — , the  conduit  is  classed  as  the  incomplete  condi - 

4--  bc  bc 

tion.  u 


Obtain  Cp  from  ES-ll8,  page  3-63* 
2KU5p  = (0.38)  (1.97*0  = 0.750 
2KU(Hc/bc)  = (0.38)(8.27)  = 3.U3 
From  chart 


2KtiCp  = 7.65 

0 — 4_‘  85  _ on  1 k 

LP  _ 0.38  ” 


Obtain  Fsp  from  ES-119,  page  3-67,  s7Fsp  = 979-8,  Fsp  = 


= 8.907 


Obtain  T from  ES-121,  page  3-79 , 1 = 5-59  (for  cradles) 

F„r  + KT 

Let  Fqr,  = Fgt.  and  solve  for  X-r,  = 

sr  P Cp 

y = 8.907  + (Q-^3)(5-99)  = n ™ 

Xp  20.14  0.595 


Select  cradle  from  ES-120,  page  3-74. 

Any  cradle  having  a value  of  Xp  less  than  0.535  is  allowable. 
Type  A3  cradle  (Xp  = 0.50)  is  satisfactory. 


Example  No . 6 


Given:  1.  A 24-inch  standard  strength  R/C  (3500  psi)  culvert  pipe  is 

proposed  for  installation  through  an  earth  dam. 
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2.  The  proposed  maximum  height  of  embankment  above  the  top  of 
the  conduit  Hc  at  Sta  1+50  is  20.8  ft  and  the  distance  pbc  is  0.3  It* 

At  Sta  1+67  Hc  = 19  ft  and  pbc  = 1.8  ft. 

3.  Consider  that  0.01-inch  crack  of  the  R/C  culvert  is  permis- 
sible for  safe  design. 

4.  The  foundation  material  has  an  angle  of  internal  friction  <t>p 
of  30°,  a modulus  of  consolidation  Ep  of  30  tons/ft2,  and  a unit 
weight  7p  of  120  lbs/ft3.  The  material  is  uniform  down  to  a rock 
layer  which  lies  8.4  ft  below  the  bottom  of  the  conduit. 

5.  When  compacted  to  required  density,  the  embankment  material 
has  a unit  weight  7 of  120  lbs/ft3,  an  angle  of  internal  friction  <t> 
of  40°,  and  a modulus  of  consolidation  E of  26  tons/ft2. 

6.  The  value  of  b for  cradles  is  4 ft  and  for  beddings  is  2.5  ft. 

Determine : Types  of  beddings  or  cradles  that  may  be  used. 


Solution: 

List  data  (ES-114,  pages 
7 = 7f  = 120  lbs/ft3. 

From  ES-119;  page  3-69* 
From  ES-114,  page  3-^-3  > 


3-41  and  3-42) 


bc  = 2.5  ft 

K = 0.22,  Kq  = O.I83  for  <D  = 40° 


s = 1.0 

p = = 0.12  for  Sta  1+50 
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1 Pi 

p = r^-  = 0.72  for  Sta  1+67 

2 • J 

Follow  procedure  on  ES-113*  page  3-38. 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-45. 

From  ES-115*  page  3-47*  either  case  c or  case  d exists. 


Solve  for 


1 + 


5 (case  c)  = 


E_ 

7 E-f 


i]r 

P 


l + 


_E_ 

7 Ef 


Ku 


E 26  n o^7 
- = ^ = 0.867 

From  ES-114,  page  3-43*  KpPp  = 0.19  when  <t>  = 30c 
* ■ »■’« 


1 + 


7f  E_ 
7 Ef 


Ku 

Kp  Uf 


= 1 + (l) (0.867 ) (0.963)  - 1.834 


Since  several  values  of  5 (case  c)  must  be  determined,  prepare 
columns  1 to  13  of  table  on  page  3-22. 


Column  1 lists  the  station  considered. 


Column  2 lists  arbitrarily  selected  types  of  bedding  or  cradle 
under  consideration. 

Column  3 lists  values  of  ty.  Values  of  f are  obtained  from  the 
distance  fbc.  For  type  B1  bedding  and  for  all  cradles,  it  is  the 
distance  between  the  natural  ground  and  the  bottom  of  the  bedding 
or  cradle.  Types  B2,  C,  and  D beddings  would  not  be  used  for  a 
conduit  through  a dam.  Use  minimum  values  for  thickness  of 
bedding  and  cradles  under  the  conduit  (ES-120,  pages  3-74  and  3-75). 

Column  4 lists  values  of  p. 


Column  5 lists  values  of  Hp.  The  distance  Hp  is  measured  from 
the  bottom  of  the  cradle  or  rigid  bedding  to  the  nonyielding 
foundation  material.  Hp  = 8.233  ft  for  B1  bedding.  Hp  = 7-90  ft 
for  cradles  (ES-120,  pages  3-74  and  3-75 )• 


Column  6 
Column  7 


7JL  A 

7 Ef 


column  3 divided  by  column  4. 

?! 

— is  the  product  of  column  6 and 


A 

y Et  ‘ 


Column  8 lists  5 (case  c). 

Column  9 (5p)  is  the  product  of  column  8 and  column  4. 


* 
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Column  10  lists  values  of  H^/b  obtained  from  ES-115;  page  5-51;  for 
values  of  Sp  shown  in  column  9 and  for  the  given  value  of  K \i . 

Column  11  (fig)  is  the  product  of  column  10  and  b = 2.5  ft  or 

b = 4.0  ft. 

Column  12  Hi)  is  the  product  of  column  11  and  . 

\Kfi if  KfM-f 

Column  15  lists  the  case  for  the  determination  of  5. 

When  Hi  ^ H-p,  case  c exists. 

Kf dp  ^ 1 

When  Hi  > Hf* , case  d exists. 

Kfdf  ^ 1 

When  case  c is  determined  in  column  15;  the  desired  values  of  5 are 
given  in  column  8.  If  case  d is  determined  in  column  15;  the  de- 
sired values  of  5 are  determined  by  the  procedure  for  case  d. 

The  conduit  is  not  installed  in  a ditch,  therefore,  it  is  a positive 
projecting  conduit. 

The  subclassification  is  determined  by  preparing  columns  l4  and  15  of 
the  table  on  page  5-22. 

Column  l4  lists  values  of  HC//bc. 

Column  15  lists  classification  by  comparing  column  l4  with  column 
He  Hi 

10  since  — = — . 

bc  b 

Hc  He 

When  — ^ — , complete  condition  exists. 

Hc  Hq 

When  — > — , incomplete  condition  exists. 


The  remainder  of  the  solution  is  made  by  preparing  columns  16  through 
24  of  the  table  on  page  5-22. 


From  ES-119;  page  5-69;  ESp  = 5*724. 

Column  16  lists  the  value  of  T (ES-121,  pages  5-79  and  5-8l) 

Column  17  lists  values  of  2KpSp. 

Column  l8  lists  values  of  2Kp(Hc/bc). 

Column  19  lists  values  of  2Kp.Cp  (ES-118,  page  5-65) 

Column  20  (Cp)  is  column  19  divided  by  2K|i . 

Column  21  (KT)  is  the  product  of  column  16  and  K. 

Column  22  (Fsr  + KT)  is  Fsr  plus  column  21  (when  Fsr  = FSp). 

Column  25  (Xp)  is  column  22  divided  by  column  20. 

Column  24  gives  permissible  beddings  and  cradles.  A bedding  or 

cradle  is  permissible  when  the  value  of  Xp  in  column  25  is  equal  to 

or  greater  than  the  value  of  Xp  for  the  particular  bedding  or  cradle 
(ES-120,  pages  5-74  to  5-76). 


If  it  is  desirable  to  use  the  same  type  of  cradle  throughout  the 
length  of  the  conduit,  a type  A1  cradle  is  required. 
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Example  No . 7 

Given:  1.  A 2^-inch  class  III,  wall  B,  R/C  pipe  (ASTM  C76-57T)  is  pro- 

posed for  installation  through  an  earth  dam.  The  conduit  is  not  in- 
stalled in  a ditch. 

2.  A type  B1  bedding  is  proposed  for  use.  The  bottom  width  of 
the  bedding  is  3*0  ft. 


3.  The  distance  pbc  is  1.75  ft. 
k.  The  distance  fbc  is  1.05  ft. 


5- 

and  has 


The  embankment  material  has  a unit  weight  7 of  120  lbs/ft3 
an  angle  of  internal  friction  4>  of  50°. 


6.  The  foundation  material  is  a layer  of  clayey  soil  over  a non- 
yielding layer.  The  distance  from  the  bottom  of  the  B1  bedding  to 
the  nonyielding  layer  is  2.1  ft.  The  angle  of  internal  friction  of 
the  clay  is  <J>f  = 20°. 


7- 

0.20  < 


Assume  that 


Zl 

7 Ef 


< 2.0. 


Zl  JL 

7 E-p 


will  fall  within  the  range  of 


8.  Consider  0.01-inch  crack  in  the  conduit  permissible. 


Determine : The  allowable  height  of  fill  Hca. 


Embankment  material 

7 = 120  lbs/ft3 
♦ = 30° 


Class  III,  Wall  B, 
R/C  pipe 


Type  Bl- 


Foundation  material 
= 20° 


\WWAW/AWAW 
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Solution: 


List  data  (ES-114,  pages  3-41  and  3-42) 

7 = 120  lbs/ft3 

From  ES-119;  page  3-67 > bc  =2.5  ft 

From  ES-114,  page  3-43*  K = 0.333_>  Kp  =0.19 

s = 1.0 

„ _ 


2.5 


= 0.70 


Follow  procedure  on  ES-113>  page  3-39* 

Obtain  5. 

Follow  procedure  on  ES-115>  page  3-45- 

From  ES-115,  page 3-47;  case  c or  case  d exists. 

b = 3.0  ft 

Solve  for  5 (case  c) 

f = — =0.42 
2.5 


f 

P 


0.42 


0.70 


0.60 


From  ES-114,  page  3~43^  Kppp  = 0.178 


JSl 


0.19 


Kfpp  0.178 


= 1.067 


When 


II  E_ 
7 Ef 


= 0.2 


0 (case  c)  - ^ - (Q-20)(0.60)  _ q qo^ 

(case  cj  - 1 + (o.20) (1.067 ) 


He 


Find  — from  ES-115*  page  3-51 
5p  = (0.923)(0.70)  = 0.6461 


He 

~r~  = 1.66 

b 


Is  H-p  < Hi  ? 

1 ^ Kfpp 


and  H<i  = (1.66) (3-0)  = 4.98  ft 
J&L.  9 


Kp 

Kp  Pf 


4 = (1.067 ) (4.98)  = 5.51 


H 


f 


2.1  ft 


Hp  < , therefore,  foundation  is  of  shallow  depth  and 

f^f  case  d exists. 


Compute  2Kpp  s 1 + 


If  J4 

7 Ep 


f 

P 


= (0.38)(0.7)[l  + (0.6)(0.2)j 

= 0.298 
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Compute  2Kp 


II  A 

7 Ef 


Y = (0.38)(0.2)  =0.0532 


Obtain  w from  ES-115>  page  3-^9 • 
co  = 0.66 

0.66 


p + 4 00 

Compute  Y = 2^  “ 0.38 


= 1-737 


From  ES-115,  page  3-51 > obtain  5p  = 0.72 
Solve  for  5 = ^ = "~Jp  =1.03 


When 


If  _E_ 
7 Ef 


= 2.0 


Find  S (case  c)  = - $ fl'to]{x7o§77  = °'7°2 


H* 

Find  from  ES-115*  page  3-51 

5p  = (0.702) (0.70)  = 0.^91 
HA 

Y = 1.45  and  Hg  = (l.45)(3.0)  = 4.35  It 
Ky_  v 


Is  Hf  < Hi  ^ - 

1 e Kfpp 


KU 

Kf  hf 


H<L  = (l.067)(4.35)  = 4.641 


H^  = 2.1  < 4.641,  therefore,  foundation  is  of  shallow  depth 

and  case  d exists. 


Compute  2Kpp  < 1 + 


Compute  2Kp 


7f  E 


7f  E 


7 E 


£j 


jjJ>  = (0.38)(0.7)[l  + (0.6)(2.0)_ 

= 0.585 


7 E 


£j 


JT 

Y = (0.38)(2.0)  ~ = 0.532 


3.0 


Obtain  cj  from  ES-115*  page  3-49 
00  = 0.72 

Compute  ^ = ^-  = §^§  = 1.89 

Obtain  Sp  from  ES-115*  page  5-51. 
5p  = O.87 

Compute  5 = ^-  = |?*|^  = 1.24 

M U • 1 
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Assume  that  classification  is  positive  projecting  conduit,  incomplete 
condition. 

For 

From  ES-119?  page  3-67?  obtain  Fsp  = 5*162 
From  ES-120?  page  3-77?  obtain  Xa  = O.588 
From  ES-120?  page  3-75?  obtain  Xp  = O.65 
Solve  for 

ex  - x - 2KpSp  + 1 = (0.36) (0.72)  + 1 = 1.274 

From  ES-123?  page  3-87?  obtain  x = 0.659 
Solve  for 

ex  = ( ex-  x)  + x = 1.274  + 0.659  = 1*933 

Solve  for  by  Eq.  3-8. 


7f  _E_ 
7 Ef 


= 0.2 


5.152  + (0.5)(0.533)(0.7)2(0.588)  + ^ [(0.659)(l*933)  ~ 1-933  + l] 
(l.933)(0.65)  - (0.333)(0.7)(0.5fi6) 


5.152  + 0.04-8  + 0.583 
1.256  - 0.137 


5.168 


Subclassify 


He 


From  ES-117,  page  3-57?  = 1*74 

Dc 


Since 


H, 


ca 


o 


He 

> — , incomplete  condition  exists, 
^c 


Since  b^  = 00 
bd  I'd 

— > — and  conduit  is  classed  as  positive  projecting  conduit, 
^c  °c 

Hca  = (5.168) (2.5)  = 12.92  ft 


For 


7f 

7 Ef 


2.0 


Values  of  Fsp,  Xa?  and  Xp  are  unchanged. 
Solve  for 

6 — x = 2Kp5p  + 1 = 1.331 
From  ES-123?  page  3-87?  obtain  x = 0.717 
Solve  for 

ex  = ( ex-  x)  + x = 1.331  + 0.717  = 2.048 
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Solve  for 


by  Eq. 


3-8. 


(rc&\  5.152  + (0.5) (0.553) (0.7 )2 (O.588)  + [(0.7i7)(2.048)  - 2.048  + l] 

\1^rJo  = (2.048)(0.65)  - (0.333) (0.7) (O.588) 

_ 5.152  + 0.048  + 0.718  = 4 6 

1.331  - 0.137  ^ 


Sub classify 


He 


From  ES-117*  page  3-57 y t~  = I.89 

Dc 


Since 


H, 


ca 


He 

> — , incomplete  condition  exists  as  assumed. 

D r* 


Since  b^  = 00 
bd 

— > — and  conduit  is  classed  as  positive  projecting  conduit. 
bc  bc 

Hca  = (M56)(2.5)  = 12.39  ft 


Note  the  small  difference  in  values  of  Hca  on  using  values  of 
7f  E 


7 Ef 


of  0.2  and  2.0. 


Example  No . 8 

Given:  1.  A 24-inch  standard  strength  concrete  sever  pipe  (ASTM  Spec. 

C14-55)  is  proposed  for  installation  in  a 5*5  ft  ditch. 

2.  A type  A2  cradle  with  a bottom  width  b of  3*52  ft  is  to  be 
used.  The  type  of  construction  used  will  give  a load  factor  of  2.6 
if  the  classification  is  ditch  conduit. 

3.  The  distance  pbc  is  1.25  ft,  the  distance  fbQ  is  1.6  ft,  and 
Hf  is  10.0  ft. 

4.  The  excavated  material  is  used  for  backfill  and  has  a unit 
weight  7 of  120  lbs/ft3  and  an  angle  of  internal  friction  <J>  of  30°. 

5.  Use  a safety  factor  s of  1.5. 


is  1. 


6.  The  value  of 


7f  _E_ 
7 E. 


Determine : 


The  allowable  fill  height  Hca. 
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Solution: 

List  data  (ES-114,  pages  3_4l  and  3-42) 

7 = 120  lbs/ft3 

From  ES-119*  page  3~71>  bc  = 2.354 

From  ES-114,  page  3-43,  K = 0.333>  Kp  =0.19 

s = 1.5 

_ 1.23  _ n e-xi 

P “ 2.354  “ °*^1 


Follow  procedure  on  ES-113,  page  3-39* 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-45* 

From  ES-115,  page  3-47,  either  case  c or  case  d exists. 


b = 3.52  ft 

Solve  for  5 (case  c) 


f _ 1.6 

P ~ 1.25 


1.28 


5 (case  c)  = ^ = l.l4,  5p  = (l.l4)  (0.531)  = 0.605 

Hi 

From  ES-115?  page  3-51?  obtain  -r-  = 1.60 
---  (1.6)(5-32)  = 5-632 
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He  ^ = 5-632 

Ef  > e£  , case  c exists 

1 ^ Kf 

5 = l.l4,  5p  = 0.605 


Assume  classification  is  positive  projecting  conduit,  incomplete 
condition. 

From  ES-119;  page  5-71;  obtain  s7FSp  = 619*8 

p _ 819.8 _ 

*sp  (120) (1.5)  ^ 

From  ES-120,  page  3-74,  obtain  Xp  = 0.450 
From  ES-120,  page  3-77;  obtain  Xa  = O.85 
Solve  for 

eX-  x = 2Kp5p  + 1 = (0.38)  (0.605)  + 1 = 1.230 
From  ES-123,  page  3-87;  obtain  x = 0.609 
Solve  for  0X=  ( eX—  x)  + x = 1.230  + 0.609  = 1.839 

Solve  for  by  using  Eq.  3-8 

\ C / Q 


3*443  + (0.5)(0.333)(0.53l)2(0.85)  + [(0.609) (1.839)  - 1.839  + 1] 

(l.839)(0.45)  - (0-333) (O.531) (0.85) 


3.443  + 0.040  + 0.333 
0.828  - 0.150 


5.628 


Sub classify 


He 


From  ES-117 , page  3-57;  r~  = 1.60 

^c 


/Hca\  Rq 

Since  I— — I > — , classification  is  incomplete  condition. 
c o c 


I Hc 

. 

IZc) 

Uc  1 

IS 

0 

Itc  / 

fbd 

From  ES-117;  page  3~59;  1^ 


2.51 


^ = 

2.354 


2.336 


< 


1 
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Assume  classification  is  ditch  conduit. 

Since  the  excavated  material  is  used  for  backfill  p.’  = p. . 
Lf  = 2.6 

From  ES-119,  page  3-71,  Rep,  = 2700  lbs/ft 
Solve  for 


= URet  = I2,6j(2lt00j  = k 

a S 1.5 


Let  R^  - Wca 

Solve  for 

W, 


C*  - 


'ca 


7l60 


d rbd2  (120) (5. 5)2 

H 


= 1.176 


From  ES-118,  page  3-61, 


ca 


1.60 


Solve  for 


£ca\ 

Hca 

N 

\m2  ' 

bd 

\bc  / 

= (1.60) (2.336)  = 3.738 


(Hcal 

< 

^ca) 

\bc  ! 

bc/ 

bd 

From  ES-117 y page  3-59  > obtain  { — j =2.25 


bd 

— > 
bc 


1 

>d 


HPq  b^  bj 

From  ES-117^  page  3-59  > obtain  2Kp.  — — by  using  — = 2.336  for  - — 

bc  bc  bc 


H 


2Kp. 


ca 


b. 


= 1.672 


H 


ca 


2Kp.| 


H 


ca 


2Ku 


= (1.672)  = 10.358  ft 


Example  No.  9 

Given:  1.  A 72-inch  standard  strength  (3500  psi)  R/C  culvert  pipe  on 
type  B1  bedding  is  proposed  for  installation  in  a 10  ft  ditch 
(b^  = 10.0  ft).  If  the  conduit  is  classed  as  a ditch  conduit,  use 
Lf  = 1.9. 


2.  The  excavated  material  is  used  for  backfill  and  has  a unit 

weight  7 of  l70  lbs/ft3  and  an  angle  of  internal  friction  4>  of  2 9°. 
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3.  The  distance  pbc  is  6. 50  ft. 

4.  The  foundation  material  is  rock  and  there  is  no  foundation 
material  adjacent  to  the  pipe. 

5-  Assume  0.01-inch  crack  in  the  culvert  is  satisfactory  for 
design. 

Determine:  Allowable  height  of  fill  Hca. 


Solution: 


List  data  (ES-114, 

7 = l40  lbs/ft3 
From  ES-119,  page 
From  ES-114,  page 


P 


6.50 

7.167 


0.907 


pages  3-4l  and  3-42) 

3-69,  bc  = 7.167  ft 
3-43,  K = 0.345,  Kp  = 0.19 


Follow  procedure  on  ES-113,  page  3-39* 
Obtain  6. 

Follow  procedure  on  ES-115,  page  3-45* 
From  ES-115*  page  5-47,  case  a exists. 
5 = 1.0 


Assume  positive  projecting  conduit,  incomplet 
From  ES-119,  page  3-69,  obtain  s7Fsp  = 183.9 

FsP  = (l)  (140)  = 1'^ 


condition. 


3-32 


From  ES-120,  page  3~77>  obtain  Xa  = 0.66 
From  ES-120,  page  3-75,  obtain  Xp  = O.65O 
Solve  for 

eX  - x = 2Kp5p  + 1 = (0-36) (0.907 ) (l)  + 1 = 1.345 


From  ES-123,  page  3-87^  obtain  x = 0.730 
Solve  for 

ex=  ( e - x)  + x - 1.345  + 0.730  = 2.075 

Solve  for 


/h\  1.314  + (0.5)  (0.345)  (0.907  )2(0.66)  + [(0.730)(2.075)  - 2.075  + l] 

( H^T)  = (2.075) (O.65)  ~ (0.345) (0.907) (0.66) 


1.314  + 0.0937  + 0.753 
1.549  - 0.207 


I.892 


Sub  classify 


From  ES-117, 


Compute  U,  Eq. 


page  3-57,  = 1-920 

uc 

He 

< — , conduit  is  classed  as  complete  condition. 
13  c 


3-7a 


tt  - (0.38H1.514)  + (0 . 19 ) (0 . 345 ) ( 0 . 907 )2 ( 0 . 66 ) + 0.650 

0.650 


0.499  + 0.036  + 0.650  _ n o0-z 
0.650  " 1,00 


Compute  = (°-^)(0.907)(0.66)  = 0_3l8 

Jlt 


From  ES-122,  page  3-83,  obtain  2Kp 


'H 


ca 


= 0.72 


From  ES-117,  page  3-59^  obtain 


b. 


= 1.77 


^d  . _ 
Is  7—  < r- 


I.895 


^d  = 10 

bc  " 7.167 


1.395 
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Assume  classification  is  ditch  conduit. 

Since  the  excavated  material  is  used  for  backfill,  Kp.* 

Lf  = 1.9 

From  ES-119,  page  3-69.7  obtain  Retj  = 6600  lbs/ft 
Solve  for 

R = ,Lf,.geb  = 0)  = j2  540  lbs/ft 

u s 1 ' 

Let  Rd  = Wca  = 12,5^0  lbs/ft 

Solve  for 

W 


= Kn 


= 


'ca 


12 ; 9>k-0 Q Qq£ 

nWm  n ^2  - U.oyo 


'd  rbd2  (1^0) (10.0) 

From  ES-ll8,  page  3-61,  obtain 


H 


ca 


b. 


1.20 


H 


ca 


f 


Solve  for 


(K 


ca 


b. 


Hca\  ^d 

Fa/  F 


= (1.20)  = i-6F 


(K 


•ca 


'H 


b, 


< 


ca 


From  ES-117>  page  3-59.7  obtain 


V 

b„ 


= 1.65 


bc  <lbc 

Compute 


H 


HCa  = 


■ca 


b. 


bQ  = (1.67^)  7.167  = 12.0  ft 


Example  No . 10 

Given:  1.  A 2^-inch  Class  V,  Wall  B,  pipe  (ASTM  Spec.  C76-57T)  is  pro- 

posed for  installation  on  a type  A1  concrete  cradle.  The  conduit  is 
not  installed  in  a ditch. 

2.  The  distance  pbc  is  2.0  ft  and  ftbQ  is  1.0  ft. 

3.  The  embankment  material  has  an  angle  of  internal  friction  <t> 
of  30°,  a unit  weight  7 of  100  lbs/ft3,  and  a modulus  of  consolidation 
E of  25  tons/ft2. 

4.  The  foundation  material  has  a unit  weight  7f  of  90  lbs/ft3, 
an  angle  of  internal  friction  of  20°,  and  a modulus  of  consolida- 
tion Ef  of  30  tons/ ft2.  There  is  a layer  of  nonyielding  material  a 
distance  of  11.6  ft  below  the  bottom  of  the  cradle. 
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nsider  0.01-inch  crack  in  the  pipe  as  permissible  for 


5- 

design. 

Determine : The  allowable  height  of  fill  Hca. 


Solution: 

List  data  (ES-114,  pages  3-^1  and  5-^2) 

7 = 100  lbs/ft3 

From  ES-119,  page  3-67,  bc  =2.5  ft 

From  ES-114,  page  5-45,  Kp  = 0.19,  K = 0.333 

s = 1.0 


P 


2.0 

2.5 


0.80 


Follow  procedure  on  ES-115,  page  5-39* 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-^5  • 

From  ES-115,  page  5-4,  case  c or  case  d exists. 


b - 5.0  ft 

Solve  for  5 (case  c) 


l _ 5k  _ L0  _ 

P ~ pbc  ~ 2.0  ~~ 


7f  90 
7 100 


0.9, 


J_  _ 2^ 
Ef  " 30 


0.853, 


If  _E_ 
7 Ef_ 


= 0.75 
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From  ES-114,  page  3-43,  = 0.178 

ife  = S = ^ 

8 (case  o)  = iV(i?6^!io!75)  = (US?  = 0-764 


He 

Find  -y 
b 

5p  = 0 . 6ll 


He 


From  ES-115,  page  3-51;  ~ = l*6l 

h’  = (1.61) (3.0)  = 4.83  ft 


Is  Hf  < 


_KtL_  ? 


He  = (^-83) (1.067)  = 5.15^ 


Hf  = 11.6 


H-p  > H* 


Hi 


a K-f  |r^ 


foundation  is  sufficiently  deep,,  case  c exists. 


Assume  positive  projecting  conduit , incomplete  condition. 

From  ES-119,  page  3-67^  obtain  Fgp  = 13*74 

From  ES-120,  page  3-77,  obtain  Xa  = O.766 

From  ES-120,  page  3-74,  obtain  Xp  = 0.40 

Solve  for 

eX-  x = 2Kq5p  + 1 = (0.38) (0.6ll)  + 1 = 1.232 


From  ES-123,  page  3-87,  obtain  x = 0.612 


Solve  for  6 


x 


H 


Solve  for 


ca 


( e - x)  + x = 1.232  + 0.612  = 1.844 
by  Eq.  3-8 


Hca\  13.74  + (0.5) (0.333 ) (0.8 )2 (0.766)  + §p3§  [(0.612) (1.844)  - 1.844  + l] 
= (l.844)(0.4o)  - (0.333) (O.80) (0.766) 

= 13.74  + 0.082  + 0.300  = uu 
0.738  - 0.204 


Subclassify 
From  ES-117, 

/Rr 


Since 


lca 


He 

page  3-57,  obtain  — = 1.6l 

Dc 

He 

> r— , the  incomplete  condition  exists. 
Dc 
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Since  the  conduit  is  not  installed  in  a ditch  b^  - co  and  ^ • 

Conduit  is  classed  as  positive  projecting  conduit.  c c 


Compute  Hca 


(26. ¥0(2. 5)  = 66.1  ft 
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UNDERGROUND  CONDUITS:  Procedure  for  ditch  conduits  or  positive 

projecting  conduits;  Determination  of  pipe  when  Hc  and  cradle 
or  bedding  are  known. 
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DEPARTMENT  OF  AGRICULTURE 


STANDARD  DWG.  NO. 


SOIL  CONSERVATION  SERVICE 


ES-  113 


ENGINEERING  DIVISION  - DESIGN  SECTION 


SIHEET  1 OF  3 

DATE  10-18  -56 
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UNDERGROUND  CONDUITS:  Procedure  for  ditch  conduits  or 

positive  projecting  conduits;  Determination  of  cradle  or 
bedding  when  Hc  and  pipe  are  known. 


Select  cradle  or  bedding, 
ES-120,  sheets  2 to  k-.  It 
is  satisfactory  if  it  has 
a value  of  Xp  equal  to  or 
less  than  the  required 
value . 
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U.  S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ENGINEERING  DIVISION  - DESIGN  SECTION 


STANDARD  DWG.  NO. 


ES-  113 


SHEET 

DATE 


2 OF  3 


10-18-56 
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UNDERGROUND  CONDUITS:  Procedure  for  ditch  conduits  or  positive 

projecting  conduits;  Determination  of  allowable  fill  height  Hca  when 
pipe  and  cradle  or  bedding  are  known. 
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Hc  = vertical  distance  between  top  of  embankment 

(or  backfill)  and  top  of  pipe,  ft.  When  the 
allowable  height  of  embankment  (or  backfill) 
Hca  is  to  be  determined,  the  dimension  Hca 
is  substituted  for  Hc  in  the  load  formulas. 

Hf  = distance  between  the  bottom  of  the  cradle  or 

rigid  bedding  (bottom  of  the  pipe  if  no  cra- 
dle or  rigid  bedding  is  used)  and  the  non- 
yielding foundation.  This  may  also  be  con- 
sidered as  the  depth  of  foundation  material 
below  the  bottom  of  the  cradle. 


b = bottom  width  of  cradle  or  rigid  bedding,  ft, 
If  b < bc',  use  b = bc. 

If  no  cradle  or  rigid  bedding  is  used  b = bc. 


°d 


= outside  diameter  of  pipe  (ES-119).  When  the 
type  of  pipe  is  to  be  determined,  a value 
for  bc  is  assumed. 

actual  width  of  a vertical  walled  ditch  in 
which  the  pipe  is  installed.  When  the  ditch 
is  constructed  with  sloping  sides  or  the  con- 
duit is  placed  in  a subditch  at  the  bottom  of 
a wider  ditch,  experiments  have  shown  that 
the  width  of  the  ditch  at  or  slightly  below 
the  top  of  the  conduit  is  the  proper  width  to 
use  to  determine  the  load  on  the  conduit. 


bd 


pbc  = the  distance  between  the  top  of  the  conduit  and  the  natural  ground  surface  before  any  settling 
has  taken  place 

pbc 

bp 


= projection  ratio.  Determine  p from  the  relation  p = 


^bc  — For  conduits  resting  on  a yielding  foundation,  the  quantity  ^bc  is  the  distance  between  the 

surface  of  the  natural  ground  and  the  bottom  of  the  cradle  or  rigid  bedding.  If  the  conduit 
is  installed  on  a flexible  bedding,  the  quantity  fbc  is  the  distance  between  the  surface  of 
the  natural  ground  and  the  bottom  of  the  conduit.  For  conduits  installed  on  a rigid  support 
resting  on  a nonyielding  foundation,  the  quantity  is  the  depth  of  the  yielding  founda- 
tion material. 


f - Obtain  the  value  of  t from  the  relation  ty  = 


tb. 


The  natural  ground  surface  is  the  surface  between  the  foundation  material  and  the  embankment  material. 
If  this  is  not  a horizontal  surface,  values  of  pbc  and  tybc  that  will  provide  a conservative  design 
should  be  selected. 
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UNDERGROUND  CONDUITS:  Required  data  from  soil  tests-other  required  data 


Data  from  Soil  Tests 

<t>  = the  angle  of  internal  friction  of  the  backfill  or  embankment  material.  The  value  of  0 may  be 

obtained  by  actual  measurement  or  by  estimation.  Methods  for  the  determination  of  <t>  are  given 

in  the  National  Engineering  Handbook,  Section  7,  Soil  Mechanics.  Values  of  K,  p,  and  Kp  for 
various  values  of  <t>  may  be  obtained  from  ES-114,  Sheet  3. 

0f  = the  angle  of  internal  friction  of  the  foundation  material. 

0 1 = the  angle  of  internal  friction  of  either  the  backfill  material  or  material  in  the  ditch  wall 

according  to  whichever  is  the  lesser.  When  the  angle  of  internal  friction  of  the  ditch  wall 
is  greater  than  the  angle  of  internal  friction  of  the  backfill  material,  0'  = <t>  otherwise 
0'  = angle  of  internal  friction  of  the  material  in  the  ditch  walls. 


K = + ^ 4 _ ratio  of  active  lateral  pressure  to  vertical  pressure  at  a point  in  the  backfill 

\/p2  + 1 + p material. 

p = tan  0 

Values  of  K,  p,  and  Kp  for  various  values  of  0 may  be  determined  from  ES-114,  Sheet  3- 

7 = the  unit  weight  of  the  embankment  (or  backfill)  material,  lbs/ft3.  The  value  of  7 varies  con- 

siderably for  different  types  of  embankment  (or  backfill)  materials.  It  should  be  measured 
or  closely  approximated.  Methods  for  determining  the  value  of  7 are  given  in  the  National 
Engineering  Handbook,  Section  7>  Soil  Mechanics . 

7f  = the  unit  weight  of  the  foundation  material. 

E = modulus  of  consolidation  of  the  backfill  or  embankment  material. 

Ef  = modulus  of  consolidation  of  the  foundation  material. 

J3_  _ C,l(l  + eQ) 

Ef  ” Cc(l  + ei) 

where  Cc  = compression  index  of  the  soil 
e0  = initial  void  ratio  of  the  soil 
Primed  quantities  refer  to  the  foundation  material 

An  approximate  method  of  determining  Cc  is  given  in  Soils  Mechanics  in  Engineering  Practice, 
Terzaghi  and  Peck,  John  Wiley  and  Sons,  page  66. 


Since  this  parameter  does  not  greatly  affect  the  computed  value  of  5,  approximating 
its  value  as  1.0  is  usually  satisfactory. 


Other  Data 


5 = the  settlement  ratio.  Values  of  6 for  rigid  conduits  may  be  obtained  by  following  the  proce- 

dure on  ES-115. 

s = a safety  factor.  The  safe  supporting  strength  of  pipe  is  the  supporting  strength  of  a pipe 

divided  by  the  safety  factor.  Safety  factors  are  recommended  for  various  types  of  materials. 
Since  the  value  of  for  rigid  pipes  other  than  reinforced  concrete  are  specified  as 
strengths  for  ultimate  loads  a factor  of  safety  of  1.5  or  2.0  may  be  used.  Values  of  Rg^ 
for  reinforced  concrete  are  based  on  the  load  to  produce  a 0.01-inch  crack  in. the  pipe.  A 
factor  of  safety  of  1.0  is  considered  satisfactory  for  reinforced  concrete  pipe. 
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UNDERGROUND  CONDUITS:  Determination  of  settlement  ratio  8;  Procedure 
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Nonyielding  foundation  material 


Nonyielding  foundation  material 


Conduit  Resting  in  or  on  5 Support  with  Compressible 
Embankment  Extending  to  jacent  to  the  Conduit 


The  surface  of  the  nonyielding  foundation  iion 
tance  between  the  top  of  the  conduit  and  the 

i>f 

Since  the  foundation  is  nonyielding,  the  adq  y g „ 


Cad 


: Compacted  embankment:,; 


Yielding  foundation  material 
of  depth  less  than  — H* 
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Nonyielding  foundation  material 
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f 

P 

1 + 

Tf  E 
7 Ef 

Kp 

Kp'M-.f. 

2K|i(Hg/b ) = 2Kp6p  + 1 


When  the  value  of  6 has  been  determined  fror 
may  be  obtained  from  the  second  relation.  1 

the  correct  values  of  8 and  Hi  if  H-p  s 

e 1 KpUg 


Yielding  foundation  material 


of  depth  greater  than 


Kp 

KfPf 


Nonyielding  foundation  material 


Conduit  Resting  on 
Material  of  Suffi 


The  values  of  S and  Hg  are  determined  from  t 


elding  Foundation 
llow  Depth 


ers,  on  the  value  of  Hf.  They  are  determined 
derived  relations : 


Lower  plane  of  equal  settlement -j-^ 
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UNDERGROUND  CONDUITS:  Determination  of  settlement  ratio 


Case  a 


Conduit  Resting  in  or  on  Nonyielding  Foundations  with 
Embankment  Extending  to  the  Nonyielding  Foundation 

The  surface  of  the  nonyielding  foundation  is  considered  as  the  natural  ground  line.  The  dis- 
tance between  the  top  of  the  conduit  and  the  natural  ground  line  is  pbc. 


Since  the  foundation  is  nonyielding,  the  additional  settlements  s-f  and  sg  are  both  zero,  and 


Nonyielding  foundation  material 


Nonyielding  foundation  material 


8 ; Cases 


Case  c 


Case  d 


Case  b 


Nonyielding  foundation  material 


Nonyielding  foundation  material 


Conduit  Resting  on  Nonyielding  Support  with  Compressible 
Foundation  Materials  Adjacent  to  the  Conduit 


'Tne  value  of  6 is  defined  by  the  following  relation 


Lower  plane  of  equal  settlement 


Yielding  foundation  material 


of  depth  greater  than  z? Hi 


Nonyielding  foundation  material 


Lower  plane  of  equal  settlement 


Yielding  foundation  material 


of  depth  greater  than 


Kd 


Nonyielding  foundation  material 


Conduit  Resting  on  Yielding  Foundation 
Material  of  Sufficiently  Great  Depth 


The  values  of  5 and  Hg  are  determined  from  the  following  two  derived  relations : 


2Ku(H'/b  ) . , , . 

and  e 0 - 2Kd(Jb/b)  = 2KpSp  + 1 


h * d 

Yielding  foundation  material  i 
of  depth  less  than  n--—  Hg 


Nonyielding  foundation  material 


Nonyielding  foundation  material 


Yielding  foundation  material 
of  depth  less  than 


Conduit  Resting  on  Yielding  Foundation 
Material  of  Shallow  Depth 


The  values  of  6 and  H'e  depend,  among  other  parameters,  on  the  value  of  Hf.  They  are  determined 
by  the  simultaneous  solution  of  the  following  two  derived  relations: 


ana  e2K“<'J'/b  >_  2Kd(Hg/b ) = 2Ku6p  + 1 


When  the  value  of  6 has  been  determined  from  the  first  of  these  two  relations,  the  value  of  Hg 
may  be  obtained  from  the  second  relation.  The  values  of  6 and  Hg  determined  in  this  manner  are 

Kn 


the  correct  values  of 


and  if  Hf  * ^ 


See  Procedure,  sheet  1. 


See  Procedure,  sheet  1. 
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UNDERGROUND  CONDUITS:  De+ern 
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UNDERGROUND  CONDUITS!  Classification  used  for  load  determination 


UNDERGROUND  CONDUITS 


I 

CLASSIFICATION  BASED  ON  CONSTRUCTION  METHODS  


3-55 


DITCH  CONDUIT 


E: 

I 


POSITIVE  PROJECTING  CONDUIT 


NEGATIVE  PROJECTING  CONDUIT 


DITCH  CONUJIT  WITH  COMPACTED  BACKFILL 


CLASSIFICATION  BASED  ON  RELATIVE  SETTLEMENTS  OF  THE  CRITICAL  PLANE  IN  THE  INTERIOR  AND  EXTERIOR  PRISMS 

l 


T.n 


PROJECTION  CONDITION 


mm 

DITCH  CONDITION 


Plane  of  Equal  Settlement 
Top  of  Embankment 


i 

COMPLETE  CONDITION 


Plane  of  Equal  Settlement 


INCOMPLETE  CONDITION 


PROJECTION  CONDITION 


DITCH  CONDITION 


Embankment  j 
Material  , | 


Exterior  j Interior  • Exterior 

Prism  | Prism 


IMPERFECT  DITCH  CONDUIT 


CLASSIFICATION  BASED  ON  RELATIVE  HEIGHT  OF  EMBANKMENT  AND  PLANE  OF  EQUAL  SETTLEMENT 


COMPLETE  CONDITION 


INCOMPLETE  CONDITION 


COMPLETE  CONDITION 


Top  of  Embankment 

msn 


INCOMPLETE  CONDITION 


COMPLETE  CONDITION 


Top  of  Embankment 

Plane  of  Equal  Settlement 

i 

i 

l 

I 

% 

I 

H if — 

— — jj 

INCOMPLETE 

CONDITION 

Plane  of  Equal  Settlemer 
Tor  of  Embankment 


COMPLETE  CONDITION 


Top  of  Embankment 

WQW/WSSAWAWVm 

Plane  Of  Equal  Settlement 


INCOMPLETE  CONDITION 


CONDUIT  ON  COMPRESSIBLE  BEDDING 


Plane  of  Equal  Settlement 
Top  of  Embankment 


COMPLETE  CONDITION 


"1 


Plane  of  Equal  Settlement 


INCOMPLETE  CONDITION 
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UNDERGROUND  CONDUITS: 


'Construction  methods"  willett  lenient  s"  subclassify  positive  and 


conditions  and  design  requirjojecting  conduits  into  either  pro- 

dition  or  ditch  condition. 


DITCH  CONDUIT 

An  underground  conduit  is  classed  as  a djjrojection  condition  exists  when  the  ex- 
all  of  the  following  conditions  exist:  fettles  more  than  the  interior  prism 

positive).  For  positive  projecting  con- 

1.  The  conduit  is  installed  in  a suffjlition  occurs  for  all  rigid  pipes.  For 
ditch.  bting  conduits  this  condition  exists  whe: 


aterial  around  and  above  the  pipe  is  less 


2.  The  ditch  is  backfilled  to  an  eley 
higher  than  the  top  of  the  conduit  but  nclan  ^ie  ma-terial  an  the  ditch  wall, 
the  original  ground  surface . 

3.  The  backfill  is  more  compressible  Itch  condition  exists  when  the  interior 

in  the  ditch  wall.  tore  than  the  exterior  prism  (5  and  Sr 

The  ditch  condition  does  not  occur  for 
The  determination  of  whether  or  not  a installed  as  positive  projecting  conduits, 
ciently  narrow  is  given  by  ES-117,  sheet  for  flexible  pipes  installed  as  positive 

Suits.)  For  negative  projecting  conduits 
Ltion  occurs  when  the  backfill  material 

POSITIVE  PROJECTING  CONDUIve  the  pipe  is  more  compressible  than 

n the  ditch  walls. 

An  underground  conduit  is  classed  as  a po 
ing  conduit  if  all  of  the  following  condi 


1.  The  conduit  is  installed  in  a suff — 

ditch  or  no  ditch. 

2 . The  foundation  material  under  the 

approximately  the  same  as  the  foundation  ght  of  embankment11  subclassifies  all 
adjacent  to  the  conduit.  ns  except  ditch  conduits  and  ditch 

3.  The  compressibility  of  the  materis  compacted  backfill  into  either  the 
prism  is  approximately  the  same  as  the  maition  or  the  incomplete  condition, 
terior  prism. 


The  determination  of  whether  or  not  a dit 
ciently  wide  is  given  by  ES-117,  sheet  2 


' Hc  He 

bmplete  condition  occurs  when  - — ^ - — • 

1 bc  bc 


NEGATIVE  PROJECTING  CONDUI 


h complete  condition  occurs  when 


Hc  He 

> — 

be 


be 


eight  to  top  of  embankment  from  the  top 
of  the  conduit 


An  underground  conduit  is  classed  as  a m 
ing  conduit  if  all  of  the  following  condi 

1.  The  conduit  is  installed  in  a suf 

ditch.  leight  to  plane  of  equal  settlement  from 

2.  The  ditch  is  backfilled  to  an  elei  0x  u*xe  PxPe 

of  equal  settlement  exists  for  ditch  con- 


higher  than  the  natural  ground. 


A ditch  is  sufficiently  narrow  n the  loi  n 

- .,  , , , ,,  . , . } conduits  with  compacted  backfill,  they 

auit  computed  by  the  negative  projecting  J 

is  less  than  the  load  on  the  conduit  corn] 

positive  projecting  conduit  formula. 
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UNDERGROUND  CONDUITS!  Classification  used  for  load  determination 


"Construction  methods"  will  class  all  conduits  into  6 primary  divisions.  It  includes  site 
conditions  and  design  requirements  as  well  as  construction  methods. 


"Relative  settlements"  subclassify  positive  and 
negative  projecting  conduits  into  either  pro- 
jection condition  or  ditch  condition. 


DITCH  CONDUIT 


DITCH  CONDUIT  WITH  COMPACTED  BACKFILL 


An  underground  conduit  is  classed  as  a ditch  conduit  if 
all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow 
ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is 
higher  than  the  top  of  the  conduit  but  not  higher  than 
the  original  ground  surface. 

2.  The  backfill  is  more  compressible  than  the  material 
in  the  ditch  wall. 

The  determination  of  whether  or  not  a ditch  is  suffi- 
ciently narrow  is  given  by  ES-117,  sheet  2. 


POSITIVE  PROJECTING  CONDUIT 

An  underground  conduit  is  classed  as  a positive  project- 
ing conduit  if  all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  wide 
ditch  or  no  ditch. 

2.  The  foundation  material  under  the  conduit  is 
approximately  the  same  as  the  foundation  material 
adjacent  to  the  conduit. 

3.  The  compressibility  of  the  material  in  the  interior 
prism  is  approximately  the  same  as  the  material  in  the  ex- 
terior prism. 

The  determination  of  whether  or  not  a ditch  is  suffi- 
ciently wide  is  given  by  ES-117,  sheet  2. 


NEGATIVE  PROJECTING  CONDUIT 

An  underground  conduit  is  classed  as  a negative  project- 
ing conduit  if  all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow 
ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is 
higher  than  the  natural  ground. 

A ditch  is  sufficiently  narrow  if  the  load  on  the  con- 
duit computed  by  the  negative  projecting  conduit  formula 
is  less  than  the  load  on  the  conduit  computed  by  the 
positive  projecting  conduit  formula. 
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An  underground  conduit  is  classed  as  a ditch  conduit 
with  compacted  backfill  if  all  of  the  following 
conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow 
ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is 
higher  than  the  top  of  the  conduit  but  not  higher  than 
the  original  ground  surface. 

5-  The  backfill  is  less  compressible  than  the 
material  in  the  ditch  walls. 

A ditch  is  sufficiently  narrow  if  its  width  is  less  than 
the  value  of  b^  as  computed  by  the  formula 


1.  The  projection  condition  exists  when  the  ex- 
terior prism  settles  more  than  the  interior  prism 

(5  and  61  are  positive).  For  positive  projecting  con- 
duits this  condition  occurs  for  all  rigid  pipes.  For 
negative  projecting  conduits  this  condition  exists  wher. 
the  backfill  material  around  and  above  the  pipe  is  less 
compressible  than  the  material  in  the  ditch  wall. 

2.  The  ditch  condition  exists  when  the  interior 
prism  settles  more  than  the  exterior  prism  (6  and  5' 
are  negative).  The  ditch  condition  does  not  occur  for 
rigid  pipes  installed  as  positive  projecting  conduits, 
(it  can  exist  for  flexible  pipes  installed  as  positive 
projecting  conduits.)  For  negative  projecting  conduits 
the  ditch  condition  occurs  when  the  backfill  material 
around  and  above  the  pipe  is  more  compressible  than 
the  material  in  the  ditch  walls. 


IMPERFECT  DITCH  CONDUIT 

An  underground  conduit  is  classed  as  an  imperfect  ditch 
conduit  if  the  following  condition  exists : 

An  unusual  method  of  construction  is  used  to  in- 
sure that  the  material  in  the  interior  prism  immediately 
above  the  conduit  is  sufficiently  more  compressible  than 
the  material  in  the  exterior  prisms . An  embankment  is 
constructed  in  the  usual  manner  to  a height  1 to  1 1/2 
times  the  width  of  the  conduit  above  its  top.  A trench 
having  a width  bc  and  centered  directly  above  the  con- 
duit is  dug  in  this  constructed  embankment  to  the  top 
of  the  conduit.  The  trench  is  loosely  backfilled  to  the 
top  of  the  trench  and  the  embankment  completed  in  the 
usual  manner. 


"Relative  height  of  embankment"  subclassifies  all 
classifications  except  ditch  conduits  and  ditch 
conduits  with  compacted  backfill  into  either  the 
complete  condition  or  the  incomplete  condition. 


Hc  He 

1.  The  complete  condition  occurs  when  r - r ' 

hc  bc 

Hc  He 

2.  The  incomplete  condition  occurs  when  • 


CONDUIT  ON  COMPRESSIBLE  BEDDING 

An  underground  conduit  is  classed  as  a conduit  on  .com- 
pressible bedding  if  the  following  condition  exists : 

An  unusual  method  of  construction  is  used  to  in- 
sure that  the  foundation  material  under  the  conduit  is 
sufficiently  more  compressible  than  the  foundation  mate- 
rial adjacent  to  the  conduit.  This  is  accomplished  by 
excavating  a trench  in  the  foundation  material  slightly 
wider  than  the  outside  width  of  the  conduit.  The  trench 
is  backfilled  with  a compressible  material.  The  conduit 
is  installed  on  the  compressible  material. 
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where  Hc  = height  to  top  of  embankment  from  the  top 
of  the  conduit 

He  = height  to  plane  of  equal  settlement  from 
the  top  of  the  pipe 

Since  no  plane  of  equal  settlement  exists  for  ditch  con- 
duits and  ditch  conduits  with  compacted  backfill,  they 
are  not  subdivided. 


Values  of  — Values  of 


♦ 


3-59 


t 


3-59 


( < 


c 


\ 


UNDERGROUND  CONDUITS: 


REFERENCE 


STANDARD  DWG.  NO. 


in 

o 


o 


TTMENT  OF  AGRICULTURE 

fSERVATION  SERVICE 

DIVISION  - DESIGN  SECTION 


ES-  118 

SHEET  1 OF  3 


DATE  10-18-56 


<c 


I 


3-6] 


>63 


UNDERGROUND  CONDU I TS 


Complete  Condition 

2Kn(Hc/bc) 


Ldition 


2Kn(He/bc) 


larger  than  5*0 
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jERVATION  SERVICE 

DESIGN  SECTION 


SHEET 


HVISION 


1 

1 

_ 

■ 

i 

r 

-pT 

ry 

4 

'll 

j 

p 

j ! 
! ! 

j 

i 

j_L 

r~ 

1 i 

T 

1 1 

f 

D 

1 

1 

.0 

I 

‘ 

! 

j j 

| i 

j 

IT 

i 

' 

i i ! 

| | 

tf 

i ; 

i 

' ; 

rm 

i 

j 1 

III 

. 

: j j 

i 

j j ; 

! 

DO 

4- 

- 

-ft- 

4 

3-63 


CondUjo^ 


Compel 
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UNDERGROUND  CONDUITS:  Loads  on  positive  projecting  conduits,  projection  condition. 


4.0 


3.0 


Incomplete  Condition 

2K|i{He/bc 


r e*1"-'”'1-  il  k 

L J+  Lo- 


2Kn(He/bc) 


Hp 


See  sheet  3 for  values  of  2Kp  r~  larger  than  5-0 • 


Wc  = Cp7bc2 


Complete  Condition 

2KM(He/bc) 


- 1 


10.0 


9.0 


12.0 


\joWeS 


13.0 

2WCP 


16.0 


17.0 


Values  of  ZK^ 


UNDERGROUND  CONDUITS: 
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UNDERGROUND  CONDUITS;  Loads  on  positive  projecting  conduits,  projection  condition. 


REFERENCE 


STANDARD  DWG.  NO. 
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UNDERGROUND  CONDUI  sPec  C76-57T); 


CLASS  I 


D load  to  produce  0.01-inch  crack  = 800  (3-edge  he,  produce  o. 01-inch  crack  = 3000  (3-edge  hearing  test) 


CLASS  V 


Internal 

Diameter 

d--in. 

Reb* 

lbs/ft 

Wall  A 

Reb* 
lbs /ft 

Wall 

B 

Wall 

C 

Outside 
Diameter 
bc— ft 

s7FSp* 

Out  si 
Diame 
bc- 

Outside 
Diameter 
bc— ft 

s7FSp* 

Outside 
Diameter 
bc  — ft 

sTFsp 

60 

4000 

5.833 

168.2 

6.0 

3000 

1.333 

2416 

66 

4400 

6.417 

152.9 

6.5 

3750 

1.625 

2032 

72 

4800 

7.000 

14-0.2 

7-1 

4500 

1.917 

1752 

78 

5200 

7.583 

129.4 

7-7 

5250 

2.208 

1541 

84 

5600 

8.167 

120.1 

8.3 

6000 

2.500 

137^ 

2.667 

1207 

90 

6000 

8.750 

112.1 

8.9 

6750 

2.792 

1239 

2.938 

1119 

96 

6400 

9-333 

105-1 

9-5 

7500 

3.083 

1129 

3.208 

1043 

102 

6800 

9.917 

98.9 

10.0 

8250 

3-375 

1036 

3.500 

963.7 

108 

7200 

10.500 

93-4 

10.6 

9000 

3.667 

957.8 

3.813 

885.8 

10500 

4.250 

831.8 

4.375 

785.0 

12000 

4.833 

735.2 

4.958 

698.6 

13500 

5.521 

633.8 

15000 

6.125 

572.2 

16500 

6.708 

524.7 

18000 

7.292 

484.4 

CLASS  II 

D load  to  produce  0.01-inch  crack  = 1000  (3-edge  bea 


Internal 
Diameter 
d — in. 

Reb* 

lbs/ft 

Wall 

A 

Wa 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diamete 
bc— ft 

12 

1000 

1.292 

857.4 

1.333 

15 

1250 

1.563 

732.2 

1.625 

18 

1500 

1.833 

638.8 

1.917 

21 

1750 

2.125 

554.5 

2.208 

24 

2000 

2.417 

489.9 

2.500 

27 

2250 

2.688 

445.6 

2.792 

30 

2500 

2.958 

4o8.9 

3.083 

33 

2750 

3.229 

377.4 

3-375 

36 

3000 

3-500 

350.4 

3-667 

42 

3500 

4.083 

300.4 

4.2501 

48 

4000 

4.667 

262.8 

4.833I 

54 

4500 

5.250 

233.6 

5.417 

60 

5000 

5.833 

210.3 

6.000 

66 

5500 

6.417 

191.1 

6.583 

72 

6000 

7.000 

175.2 

7.167 

78 

6500 

7.583 

161.8 

7.750 

84 

7000 

8.167 

150.2 

8.333 

90 

7500 

8.750 

140.2 

8-917 

96 

8000 

9-333 

131.4 

9-500 

102 

8500 

9-917 

123.7 

10.083 

108 

9000 

10.500 

116.8 

IO.667 I 



sp 


values  on  this 


the  load  to  produce 


sheet  are 
0.01-inch 


1.^31  R 


eh 


b, 


ovided  strength  factor 


0.01-inch  crack) 

:side  width  of  conduit 

i’ety  factor  (see  ES-ll4,  sheet  2 

it  weight  of  backfill  or  embank- 
lt  material  (see  ES-ll4, 
sheet  2) 
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UNDERGROUND  CONDUITS'. 


CLASS  I 

D load  to  produce  0.01-inch  crack  = 800  (3-edge  hearing  test) 


Reinforced  concrete  culvert,  storm  drain,  and  sewer  pipe,  ( ASTM  spec.  C76-57T); 
values  of  bc,  Rebi  ancl  s^frsp 

CLASS  III  CLASS  V 

D load  to  produce  0.01-inch  crack  = 1350  (3-edge  bearing  test)  D load  to  produce  0.01-inch  crack  = 3000  (3-edge  bearing  test) 


Internal 
Diameter 
d — in. 

Reb  * 

lbs/ft 

Wall  A 

Wall 

B 

Outside 
Diameter 
bc — ft 

Outside 
Diameter 
bc— ft 

s7Fsp* 

60 

4ooo 

5.853 

168.2 

6.000 

159-0 

66 

4400 

6.417 

152.9 

6.583 

145. 3 

72 

48oo 

7.000 

140.2 

7.167 

133.7 

78 

5200 

7.583 

129.4 

7-750 

123-9 

84 

5600 

8.167 

120.1 

8.333 

115.4 

90 

6000 

8.750 

112.1 

8.917 

108.0 

96 

64oo 

9-333 

105.1 

9.500 

101.5 

102 

6800 

9-917 

98.9 

10.083 

95.7 

108 

7200 

10.500 

93.4 

10.667 

90.6 

CLASS  II 

D load  to  produce  0.01-inch  crack  = 1000  (3-edge  bearing  test) 


Internal 
Diameter 
d — in. 

^eb* 

lbs/ft 

Wall 

A 

Wall 

B 

Outside 
Diameter 
bc — ft 

sTFsp* 

Outside 
Diameter 
bc— ft 

sTFsp* 

12 

1000 

1.292 

857-4 

1.333 

805.3 

15 

1250 

1.563 

732.2 

1.625 

677.3 

18 

1500 

1.833 

638.8 

1.917 

584.1 

21 

1750 

2.125 

554.5 

2.208 

513-7 

24 

2000 

2.417 

489-9 

2.500 

457.9 

27 

2250 

2.688 

445.6 

2.792 

413.1 

30 

2500 

2.958 

4o8.9 

3.083 

376.4 

33 

2750 

5-229 

377.4 

3.375 

345.5 

36 

3000 

3-500 

350.4 

3.667 

519.5 

k2 

3500 

4.083 

300.4 

4.250 

277.5 

48 

4ooo 

4.667 

262.8 

4.833 

245.1 

54 

4500 

5-250 

233.6 

5.417 

219.4 

60 

5000 

5.833 

210.3 

6.000 

198.8 

66 

5500 

6.417 

191.1 

6.583 

181.6 

72 

6000 

7-000 

175.2 

7-167 

167.2 

78 

6500 

7.583 

161.8 

7.750 

154.9 

84 

7000 

8.167 

150.2 

8.333 

144.3 

90 

7500 

8.750 

140.2 

8.917 

135.0 

96 

8000 

9-333 

131.4 

9-500 

126.8 

102 

8500 

9-917 

123-7 

10.083 

119.6 

108 

9000 

10.500 

116.8 

10.667 

113.2 

REFERENCE 


Internal 

Diameter 

d--in. 

Reb* 

lbs/ft 

Wall 

A 

Wall 

B 

Wall  C 

Outside 
Diameter 
bc— ft 

s7FSp* 

Outside 
Diameter 
bc  — ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s7FSp* 

12 

1350 

1.292 

1158 

1.555 

1087 

15 

1688 

1.563 

988.5 

1.625 

914.4 

18 

2025 

1.833 

862.4 

1.917 

788.5 

21 

2363 

2.125 

748.6 

2.208 

693.5 

24 

2700 

2.417 

661.4 

2.500 

618.  a 

27 

3038 

2.688 

601.6 

2.792 

557-6 

30 

3375 

2.958 

552.0 

3.083 

508.1 

33 

3713 

3-229 

509.6 

3.375 

466.4 

36 

4050 

3.500 

473-1 

3.667 

431.0 

42 

4725 

4.083 

4o5.6 

4.250 

374.3 

48 

5400 

4.667 

354.8 

4.833 

330.8 

54 

6075 

5.250 

315.4 

5.417 

296.3 

60 

6750 

5.833 

283.9 

6.000 

268.3 

66 

7425 

6.417 

258.0 

6.5S3 

245.2 

72 

8100 

7.000 

236.6 

7.167 

225.7 

7.292 

218.0 

78 

8775 

7.583 

218.4 

7.750 

209.1 

7.875 

202.5 

84 

9450 

8.167 

202.7 

8.333 

194.7 

8.458 

189.0 

90 

10125 

8.750 

189.2 

8.917 

182.2 

9.042 

177.2 

96 

10800 

9-535 

177.4 

9.500 

171.2 

102 

11475 

9-917 

167.0 

10.083 

161.5 

108 

12150 

10.500 

157.7 

10.667 

152.8 

CLASS  IV 

D load  to  produce  0.01-inch  crack  = 2000  (3-edge  bearing  test) 


Internal 
Diameter 
d — in. 

Reb* 

lbs/ft 

Wall 

A 

Wall  B 

Wall 

C 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s7Fsp* 

12 

2000 

1.292 

1715 

1.333 

l6ll 

15 

2500 

1.563 

1464 

1.625 

1355 

18 

3000 

1.833 

1278 

1.917 

1168 

21 

3500 

2.125 

1109 

2.208 

1027 

24 

4000 

2.417 

979-8 

2.500 

915.8 

2.667 

8o4.7 

27 

4500 

2.688 

891.3 

2.792 

826.1 

2.938 

746.0 

50 

5000 

2.958 

817.7 

3.083 

752.8 

3.208 

695.3 

55 

5500 

3.375 

690.9 

3.500 

642.5 

36 

6000 

3.667 

638.5 

3.813 

590.6 

42 

7000 

4.250 

554.6 

4.375 

523.3 

48 

8000 

4.833 

490.1 

4.958 

465.7 

54 

9000 

5.417 

438.9 

5.521 

422.5 

60 

10000 

6.000 

397.5 

6.125 

381.4 

66 

11000 

6.583 

363.2 

6.708 

349.8 

72 

12000 

7.167 

334.3 

7.?92 

322.9 

78 

13000 

7.875 

300.0 

84 

14000 

8.458 

280.0 

Internal 

Diameter 

d--in. 

Reb  * 
lbs /ft 

Wall 

B 

Wall 

c 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s7FSp* 

12 

3000 

1.333 

2416 

15 

3750 

1.625 

2032 

is 

4500 

1.917 

1752 

21 

5250 

2.208 

1541 

24 

6000 

2.500 

1374 

2.667 

1207 

27 

6750 

2.792 

1239 

2.938 

1119 

30 

7500 

3.083 

1129 

3.208 

1043 

33 

8250 

3.375 

1036 

3.500 

963.7 

36 

9000 

3.667 

957.8 

3.813 

885.8 

42 

10500 

4.250 

831.8 

4.575 

785.0 

48 

12000 

4.833 

735.2 

4.958 

698.6 

5k 

13500 

5.521 

633.6 

60 

15000 

6.125 

572.2 

66 

16500 

6.708 

524.7 

72 

18000 



7.292 

484.4 

Ret,  and  s7FSp  values  on  this  sheet  are 
based  on  the  load  to  produce  0.01-inch 
crack. 


s/F 


1-^31  Reb 


sp 


FSp  = provided  strength  factor 

Rgf-,  = three-edge  bearing  strength 
(0. 01-inch  crack) 

bc  = outside  width  of  conduit 

s = safety  factor  (see  ES-ll4,  sheet  2) 


7 = unit  weight  of  backfill  or  embank- 

ment material  (see  ES-ll4, 
sheet  2) 
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UNDERGROUND  CONDUITS 


REINFORCED  CONCRETE  PRESSURE  PIPE 
(ASTM  Spec.  C361-5511) 


Internal 

Outside 

3500 

psi 

4000 

psi 

Diameter 

Diameter 

Reb 

lbs/ft 

s7F„  * 

concrete 

concrete 

d--in . 

bc-ft 

sp  p 

Outside 

Diameter 

s7Fsp* 

Outside 

Diameter 

s7Fsp* 

12 

1.333 

2250 

1811 

bc-ft 

bc— ft 

15 

1.583 

2625 

1499 

1.292 

1543 

18 

1.875 

3000 

1221 

1.583 

1142 

21 

2.146 

3000 

932.2 

1.833 

937-0 

24 

2.417 

3000 

734.9 

2.125 

760.5 

30 

2.958 

3375 

552.0 

2.437 

578.3 

2.417 

587.9 

36 

3.521 

4050 

467.5 

2.708 

497.6 

2.687 

505.4 

42 

4.125 

4725 

397-^  j 

3.000 

429-3 

2.958 

44i.6 

48 

4.687 

5400 

351.8  ; 

3.292 

3.763 

3.208 

396.3 

54 

5.250 

5850 

303.7 

3.563 

338.2 

3-500 

350.4 

6o 

5.833 

6000 

252.4  ! 

4.125 

269.I 

4.062 

277.5 

66 

6.417 

6300 

218.9 

4.708 

219.5 

4.625 

227.5 

72 

7.000 

6600 

192.7  1 

5.271 

190.6 

5.208 

195.2 

5.833 

168.2 

5.750 

173.1 

6.396 

148.7 

6.292 

153-6 

6.958 

133.0 

6.833 

137.9 

REINFORCE 

d 


Internal 

Diameter 

d--in. 

Standard  Strength 
3500  psi  concrete 

■n  this  sheet  are 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s7Fsp* 

[luce  0.01-inch  crack. 

12 

1-333 

2250 

1812 

-j 

15 

1.625 

2625 

1436 

18 

1.917 

3000 

1168 

24 

2.500 

3000 

686.9 

;ngth  factor 

30 

3.083 

3375 

508.1 

taring  strength 

36 

3.667 

4050 

431.0 

crack) 

42 

4.250 

4725 

374.3 

48 

4.834 

5400 

330.7 

. of  conduit 

54 

5.416 

5850 

285.3 

60 

6.000 

6000 

238.5 

l (see  ES-114,  sheet  2) 

66 

6.583 

6300 

208.1 

|>f  backfill  or  embank- 

72 

7.167 

6600 

183.9 

.al  (see  ES-114, 
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UNDERGROUND  CONDUITS:  Reinforced  concrete  pipe;  values  of  bCl 


REINFORCED  CONCRETE  PRESSURE  PIPE 
(ASTM  Spec.  C361-551') 


Internal 
Diameter 
d — in. 

Outside 

Diameter 

bc-ft 

Reb* 

lbs/ft 

s^sp* 

12 

1.533 

2250 

1811 

15 

1.583 

2625 

1499 

18 

1.875 

3000 

1221 

21 

2.146 

3000 

932.2 

24 

2 .417 

3000 

734.9 

30 

2.958 

3375 

552.0 

36 

3.521 

4050 

467.5 

42 

4.125 

4725 

397.4 

48 

4.687 

5400 

351.8 

54 

5.250 

5850 

303.7 

60 

5.833 

6000 

252.4 

66 

6.417 

6300 

218.9 

72 

7-000 

66 00 

192.7 

CONCRETE  PRESSURE  SEWER  PIPE 
(ASTM  Spec.  C362-55T) 


Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s^Fsp* 

12 

1.333 

2250 

l8ll 

15 

1.583 

2625 

1499 

18 

1.875 

3000 

1221 

21 

2.146 

3000 

932.2 

24 

2.417 

3000 

734.9 

30 

2.958 

3375 

552.0 

36 

3.521 

4050 

467.5 

42 

4.125 

4725 

397.4 

48 

4.687 

5400 

351.8 

54 

5.250 

5850 

303.7 

60 

5.833 

6000 

252.4 

REINFORCED  CONCRETE  CULVERT  PIPE 
(ASTM  Spec.  C76-55) 


Reb,  and  s/Fsp 


REINFORCED  CONCRETE  SEWER  PIPE 
(ASTM  Spec.  C75-55) 


Internal 
Diameter 
d — in. 

Reb* 

lbs/ft 

3000  psi 
concrete 

3500  psi 
concrete 

4000  psi 
concrete 

Outside 
Diameter 
b0 — ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s?Fsp* 

Outside 

Diameter 

bc-ft 

srFsp* 

12 

1800 

1.333 

1450 

1.292 

1543 

15 

2000 

1.625 

1084 

1.583 

1142 

18 

2200 

1.917 

856.7 

1.833 

937.0 

21 

2400 

2.208 

704.5 

2.125 

760.5 

24 

2400 

2.500 

549.5 

2.437 

578.3 

2.4i7 

587.9 

27 

2550 

2.750 

482.5 

2.708 

497.6 

2.687 

505.4 

30 

2700 

3.083 

4o6.5 

3-000 

429.3 

2.958 

441.6 

33 

2850 

3-375 

358.0 

3.292 

3.763 

3.208 

396.3 

36 

3000 

3.667 

319.3 

3.563 

338.2 

3-500 

350.4 

42 

3200 

4.250 

253-5 

4.125 

269.I 

4.062 

277.5 

48 

3400 

4.833 

208.3 

4.708 

219.5 

4.625 

227.5 

54 

3700 

5-417 

180.4 

5.271 

190.6 

5.208 

195.2 

60 

4ooo 

6.000 

159-0 

5.833 

168.2 

5.750 

173.1 

66 

4250 

6.583 

l4o.3 

6.396 

148.7 

6.292 

153-6 

72 

4500 

7.167 

125.4 

6.958 

| 133.0 

6.833 

137.9 

Internal 
Diameter 
d — in. 

Standard  Strength 
3500  psi  concrete 

Standard  Strength 
4500  psi  concrete 

Extra  Strength 

Outside 
Diameter 
be — ft 

Reb* 

lbs/ft 

s7Fsp* 

Outside 

Diameter 

bc-ft 

Reb* 

lbs/ft 

s7FBp* 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s7Fsp* 

12 

1-333 

2250 

1812 

1.292 

2250 

1929 

15 

1.625 

2625 

1436 

1.583 

2625 

1499 

18 

1.917 

3000 

1168 

1.833 

3000 

1278 

24 

2.500 

3000 

686.9 

2.417 

3000 

734.9 

2.500 

4000 

915.8 

30 

3.083 

3375 

508.1 

3.000 

3375 

536.6 

3.083 

5000 

752.8 

36 

3-667 

4050 

431.0 

3.562 

4o50 

456.8 

3.667 

6000 

638.5 

42 

4.250 

4725 

37*+.  3 

4.125 

4725 

397.4 

4.250 

7000 

554.6 

48 

4.834 

5400 

330.7 

4.708 

5400 

348.6 

4.833 

8000 

490.1 

54 

5.416 

5850 

285.3 

5.271 

5350 

301.3 

5.417 

9000 

438.8 

60 

6.000 

6000 

238.5 

5.833 

6000 

252.4 

6.000 

9000 

357-8 

66 

6.583 

6300 

208.1 

6.417 

6300 

218.9 

6.583 

9500 

313.7 

72 

7.167 

6600 

183.9 

7.000 

6600 

192.7 

7.167 

9900 

275.8 

* Rgfc  and.  s7Fsp  values  on  this  sheet  are 
based  on  the  load,  to  produce  0.01-inch  crack. 


1.431  Reb 

s/Fsp  - 2 


FSp  = provided  strength  factor 

R ^ = three-edge  bearing  strength 

(0.01-inch  crack) 


bc  = outside  width  of  conduit 
s = safety  factor  (see  ES-114,  sheet  2) 

7 = unit  weight  of  backfill  or  embank- 

ment material  (see  ES-114, 
sheet  2) 
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UNDERGROUND  CONDUITS:  C 


STANDARD  STRENGTH  CLAY  SEWER  PIPE 
(ASTM  Spec.  C13-54) 


CERAMIC  GLAZED  CLAY  SEWER  PIPE 
(ASTM  Spec.  C261-54) 


Internal 

Diameter 

d--in. 

Outside 

Diameter 

bc--ft 

Reb* 

lbs/ft 

S7Fsp* 

4 

0.406 

1000 

8681 

6 

0.589 

1000 

4125 

8 

0.771 

1000 

2407 

10 

0.958 

1100 

1715 

12 

1.146 

1200 

1308 

15 

1.432 

1400 

977.0 

18 

1.719 

1700 

823.3 

21 

2.010 

2000 

708.4 

24 

2.292 

2400 

653.8 

27 

2.583 

2750 

589.8 

50 

2.865 

3200 

557-9 

33 

3.135 

3500 

509.6 

36 

3.396 

3900 

483.9 

EXTRA  STRENGTH  CERAMIC  GLAZED  CLAY  PIPE 
(ASTM  Spec.  C278-55T) 


j Internal 
Diameter 

d--in. 

Outside 

Diameter 

bc--ft 

P-eb* 

lbs/ft 

BXFsp* 

6 

0.589 

2000 

8250 

8 

0.771 

2000 

4815 

10 

0.958 

2000 

3118 

12 

1.146 

2250 

2452 

15 

1.432 

2750 

1919 

18 

1.719 

3300 

1598 

21 

2.010 

3850 

1364 

24 

2.292 

4400 

1199 

30 

2.865 

5000 

871.7 

36 

3.396 

6000 

744.5 

ONCRETE  SEWER  PIPE 
&STM  Spec.  ClU-55) 


DRAIN  TILE  (CLAY  OR  CON( 
(ASTM  Spec.  C4-55) 


Internal 

Standard 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

sXFsp* 

Diameter 

d--in. 

4 

800 

5 

800 

6 

800 

8 

800 

10 

8OO 

12 

CD 

hti 

800 

CD 

GlJ 

15 

cti 

870 

U 

cti 

Tj 

18 

G 

cti 

-P 

930 

C 

cti 

-p 

21 

CO 

0 

1000 

CD 

0 

24 

a 

1130 

a 

27 

1230 

30 

1330 

33 

1430 

36 

1530 

42 

1730 

Di; 

b, 


trength 

Extra  Strength 

* 

/ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s7Fsp* 

1 

00 

7848 

0.458 

2000 

13644 

00 

4315 

0.625 

2000 

7327 

00 

2966 

0.812 

2000 

4341 

CIO 

2090 

1.000 

2000 

2862 

to 

1579 

1.229 

2250 

2132 

45° 

1178 

1.521 

2750 

1701 

bo 

93^.5 

1.833 

3300 

1405 

joo 

755.0 

2.125 

3850 

1220 

po 

619.8 

2.437 

4400 

1060 

be  load. 

dth  of  conduit 

tor  (see  ES-llU,  sheet  2) 

t of  backfill  or  embank- 
erial  (see  ES-ll4, 


REFERENCE 


TMENT  OF  AGRICULTURE 

SERVATION  SERVICE 

DIVISION  - DESIGN  SECTION 


STANDARD  DWG.  NO. 

ES-  119 

SHEET  3 OF  3 

DATE  10-9-56 


UNDERGROUND  CONDUITS!  Clay  and  non-reinforced  concrete  pipe;  values  of  bc,  Reb,  and  s7Fsp 


3-71 


STANDARD  STRENGTH  CLAY  SEWER  PIPE 
(ASTM  Spec.  C13-54) 

CERAMIC  GLAZED  CLAY  SEWER  PIPE 
(ASTM  Spec.  C261-51*) 


CONCRETE  IRRIGATION  PIPE 
(ASTM  Spec.  C118-55) 


EXTRA  STRENGTH.  CLAY  PIPE 
(ASTM  Spec.  C200-55T) 


EXTRA  STRENGTH  CERAMIC  GLAZED  CLAY  PIPE 
(ASTM  Spec.  C278-55T) 


Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc — ft 

Reb* 

lbs/ft 

siFsp* 

1* 

o.4o6 

1000 

8681 

6 

0.589 

1000 

4125 

8 

0.771 

1000 

2407 

10 

0.958 

1100 

1715 

12 

1.146 

1200 

1308 

15 

1.432 

1400 

977.0 

18 

1.719 

1700 

823.3 

21 

2.010 

2000 

708.4 

24 

2.292 

2400 

653.8 

27 

2.583 

2750 

589.8 

30 

2.865 

3200 

557.9 

33 

3.135 

3500 

509.6 

36 

3.396 

3900 

483.9 

Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 
lbs /ft 

slFsp* 

4 

0.458 

1000 

6822 

5 

0.542 

1000 

4871 

6 

0.625 

1000 

3663 

8 

0.813 

1000 

2165 

10 

1.000 

1250 

1789 

12 

1.188 

1500 

1521 

l4 

1.375 

1600 

1211 

15 

1.479 

1700 

1112 

16 

1.563 

1800 

1054 

18 

1.750 

1900 

887.8 

20 

1.979 

2000 

730.8 

21 

2.083 

2100 

692.6 

24 

2.354 

2200 

568.1 

DRAIN  TILE  (CLAY  OR 
(ASTM  Spec.  C4- 


CONCRETE ) 

55) 


Standard 

Extra  Quality 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s^Fsp* 

Outside 
Diameter 
bc — ft 

Reb* 

lbs/ft 

s7Fsp* 

Diameter 
d — in. 

4 

800 

1100 

5 

800 

1100 

6 

800 

1100 

8 

800 

1100 

10 

800 

1100 

12 

U) 

Td 

800 

w 

Td 

nd 

1100 

15 

cd 

Td 

870 

■S 

§ 

nd 

1100 

cd 

18 

cd 

-P 

930 

§ 

fl 

cd 

-p 

1200 

C 

cd 

21 

O 

1000 

to 

0 

1400 

w 

24 

& 

1130 

s 

S 

1600 

a 

27 

1230 

1800 

30 

1330 

2000 

33 

1430 

2200 

36 

1530 

2400 

42 

1730 

2800 

Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s?FSp* 

6 

0.589 

2000 

8250 

8 

0.771 

2000 

4815 

10 

0.958 

2000 

3118 

12 

1.146 

2250 

2452 

15 

1.432 

2750 

1919 

18 

1.719 

3300 

1598 

21 

2.010 

3850 

1364 

24 

2.292 

4400 

1199 

27 

2.583 

4700 

1008 

30 

2.865 

5000 

871.7 

33 

3.135 

5500 

800.8 

36 

3.396 

6000 

744.5 

Internal 
Diameter 
d — in. 

Outside 

Diameter 

bc--ft 

»eb* 

lbs/ft 

s^sp* 

6 

0.589 

2000 

8250 

8 

0.771 

2000 

4815 

10 

0.958 

2000 

3118 

12 

1.146 

2250 

2452 

15 

1.432 

2750 

1919 

18 

1.719 

3300 

1598 

21 

2.010 

3850 

1364 

24 

2.292 

4400 

1199 

30 

2.865 

5000 

871.7 

36 

3.396 

6000 

744.5 

CONCRETE  SEWER  PIPE 
(ASTM  Spec.  C14-55) 


PERFORATED  CLAY  PIPE 
(ASTM  Spec.  C211-50) 


Internal 
Diameter 
d — in . 

Outside 
Diameter 
bc — ft 

Reb* 

lbs/ft 

S7FSp* 

4 

0.4o6 

1000 

8681 

6 

0.589 

1000 

4125 

8 

0.771 

1000 

2407 

10 

0.958 

1100 

1715 

12 

1.146 

1200 

1308 

15 

1.432 

1400 

977-0 

18 

1.719 

1700 

823.3 

21 

2.010 

2000 

708.4 

24 

2.292 

2400 

653.8 

Internal 
Diameter 
d — in. 

Standard  Strength 

Extra  Strength 

Outside 
Diameter 
bc — ft 

Feb* 

lbs/ft 

srFsp* 

Outside 

Diameter 

bc--ft 

Reb* 

lbs/ft 

slFSp* 

4 

0.427 

1000 

7848 

0.458 

2000 

13644 

6 

0.6o4 

1100 

4315 

0.625 

2000 

7327 

8 

0.792 

1300 

2966 

0.812 

2000 

4341 

10 

0.979 

1400 

2090 

1.000 

2000 

2862 

12 

1.166 

1500 

1579 

1.229 

2250 

2132 

15 

1.458 

1750 

1178 

1.521 

2750 

1701 

18 

1.750 

2000 

934.5 

1.833 

3300 

1405 

21 

2.042 

2200 

755.0 

2.125 

3850 

1220 

24 

2.354 

2400 

619.8 

2.437 

4400 

1060 

Reb  and.  s/Fgp  values  on  this  sheet  are  based  on  the  ultimate  load. 
1.431  Reb 


s/F 


sp  - bc2 


FSp  = provided  strength  factor 

Reb  = three-edge  bearing  strength 
(ultimate  load) 


= outside  width  of  conduit 

= safety  factor  (see  ES-ll4,  sheet  2) 

= unit  weight  of  backfill  or  embank- 
ment material  (see  ES-114, 
sheet  2) 
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UNDERGROUND  CONDUITS:  Rigid  pipes;  ditch  cradles  and  beddings 
and  their  load  factor  values 


Type  A-concrete  cradle 
Lf  = 2.2  to  3.4 


A concrete  cradle  is  obtained  by  placing  the  pipe 
in  plain  or  reinforced  concrete  having  a minimum 
thickness  under  the  lowest  part  of  the  conduit  ex- 
terior of  d/L  or  of  6 inches  whichever  is  greater 
(where  d is  the  nominal  inside  diameter  of  the 
pipe  in  inches). 


Type  C-ordinary  bedding 
Lf  = 1.5 


Type  B— first  class  bedding 

Lf  = 1 . 9 


First-class  bedding  is  that  type  of  bedding  ob- 
tained by  placing  the  pipe  on  fine  granular  ma- 
terials in  an  earth  foundation  carefully  shaped 
to  fit  the  lower  part  of  the  pipe  exterior  for  a 
width  of  at  least  60  percent  of  the  pipe  breadth 
The  remainder  of  the  pipe  is  entirely  surrounded 
to  a height  of  at  least  1.0  ft  above  its  top  by 
granular  materials  carefully  placed  by  hand,  to 
fill  completely,  all  spaces  under  and  adjacent  t- 
the  pipe.  The  fill  is  tamped  thoroughly  on  each 
side  and  under  the  pipe  as  far  as  practicable  in 
layers  not  exceeding  0.5  ft  thick. 


Type  D-impermissible  bedding 


Ordinary  bedding  is  that  type  of  bedding  obtained 
by  placing  the  pipe  with  "ordinary"  care  in  an 
earth  foundation  shaped  to  fit  the  lower  part  of 
the  pipe  exterior  with  reasonable  closeness  for  a 
width  of  at  least  50  percent  of  the  pipe  breadth. 
The  remainder  of  the  pipe  is  surrounded  to  a 
height  of  at  least  0.5  ft  above  its  top  by  granu- 
lar materials,  shovel  placed  and  shovel  tamped  to 
fill  completely  all  spaces  under  and  adjacent  to 
the  pipe . 


Impermissible  bedding  is  that  type  of  bedding  in 
which  little  or  no  care  is  exercised  to  shape  the 
foundation  to  fit  the  lower  part  of  the  pipe  ex- 
terior and  to  refill  all  spaces  under  and  around 
the  pipe . 
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UNDERGROUND  CONDUITS’.  Rigid  pipes;  Projecting  crodles 
and  their  bedding  factor  values. 

Type  A 1 Concrete  Cradle  Xp=0.400 


but  not  less 
than  6'* v 


Reinforcing 

steel 


Type  A1  is  that  type  of  cradle  having  a 
minimum  thickness  of  reinforced  concrete 
under  the  pipe  of  one-fourth  of  the  nomi- 
nal interior  diameter  and  extending  up 
the  sides  of  the  pipe  for  a height  equal 
to  one-half  of  the  outside  diameter.  The 
transverse  steel  requirement  for  a type 
A1  cradle  is: 

(1)  Bar  sizes  shall  not  be  smaller 
than  number  3 • 

(2)  Bar  spacing  shall  be  a maximum 
of  12  inches. 


Type  A 2 Concrete  Cradle  Xp=  0.450 


Type  A2  is  that  type  of  cradle  having  a 
minimum  thickness  of  concrete  under  the 
pipe  of  one-fourth  of  the  nominal  in- 
terior diameter  and  extending  up  the 
sides  of  the  pipe  for  a height  equal  to 
one -half  of  the  outside  diameter. 


Type  A3  Concrete  Cradle  Xp=0.500 


REFERENCE 


Type  A3  is  that  type  of  cradle  having  a 
minimum  thickness  of  concrete  under  the 
pipe  of  one-fourth  of  the  nominal  in- 
terior diameter  of  the  pipe  and  extend- 
ing up  the  sides  of  the  pipe  for  a 
height  equal  to  one -fourth  of  the  out- 
side diameter. 
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DATE 


0-n 


UNDERGROUND  CONDUITS!  Rigid  pipes;  Projecting 
beddings  and  their  bedding  factor  values. 


Type  B1  Concrete  bedding  Xp=0.650 


CONSTRUCTION  METHOD  1 


CONSTRUCTION  METHOD  2 


Type  Bl,  concrete  bedding,  is  that  type  of  bedding  having  the  lower 
part  of  the  pipe  bedded  in  a thin  layer  of  concrete  for  at  least  10 
percent  of  its  overall  height.  The  earth  filling  material  is  thor- 
oughly rammed  and  tamped,  in  layers  not  more  than  6 inches  deep, 
around  the  pipe  for  the  remainder  of  the  lower  30  percent  of  its 
height . 
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UNDERGROUND  CONDUITS!  Rigid  pipes;  Projecting 
beddings  and  their  bedding  factor  values. 


Type  B2  First  class  bedding  Xp  = 0.707 


Type  B2,  first-class  bedding,  is  that  type  of 
bedding  having  a projection  ratio  not  greater 
than  0.70  in  which  the  pipe  is  carefully  bed- 
ded on  fine  granular  materials  in  an  earth 
foundation  carefully  shaped  to  fit  the  lower 
part  of  the  pipe  exterior  for  at  least  10  per- 
cent of  its  overall  height.  The  earth  filling 
material  is  thoroughly  rammed  and  tamped,  in 
layers  not  more  than  6 inches  deep,  around  the 
pipe  for  the  remainder  of  the  lower  30  percent 
of  its  height. 


Type  C Ordinary  bedding  Xp=0.840 


Type  C,  ordinary  bedding,  is  that  type  of  bed- 
ding in  which  the  pipe  is  bedded  with  "ordinary" 
care  in  an  earth  foundation  shaped  to  fit  the 
lower  part  of  the  pipe  exterior  with  reasonable 
closeness  for  at  least  10  percent  of  its  overall 
height.  The  remainder  of  the  pipe  is  surrounded 
by  granular  materials,  placed  by  shovel  to  fill 
all  spaces  completely  under  and  adjacent  to  the 
pipe.  In  the  case  of  rock  foundations,  the 
pipes  are  bedded  on  an  earth  cushion,  having  a 
thickness  under  the  pipe  of  not  less  than  0.5 
inches  per  foot  of  height  of  fill,  with  a mini- 
mum allowable  thickness  of  8 inches. 


Type  D Impermissable  bedding  Xp=l.3IO 


Type  D,  impermissible  bedding,  is  that  type 
of  bedding  in  which  little  or  no  care  is  exer- 
cised either  to  shape  the  foundation  surface 
to  fit  the  lower  part  of  the  pipe  exterior  or 
to  fill  all  spaces  under  and  around  the  pipe 
with  granular  materials . This  type  of  bedding 
also  includes  pipes  on  rock  foundations  in 
which  an  earth  cushion  is  provided  under  the 
pipe,  but  is  so  shallow  that  the  pipe,  as  it 
settles  under  the  influence  of  vertical  load, 
approaches  contact  with  the  rock. 
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UNDERGROUND  CONDUITS 


STAr'DARD  DWG.  NO. 

ES- 121 

SHEET  2 QF  2 

DATE  8-5-58 
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APPENDIX  A - DERIVATION  OF  FORMULAS  FOR  LOADS  ON  UNDERGROUND  CONDUITS 


Loads  on  Ditch.  Conduits 


Assumptions 

The  following  assumptions  are  made  in  the  derivation  of  the  formula  for 
loads  on  ditch  conduits: 

1.  The  conduit  is  installed  in  a ditch  whose  walls  are  vertical. 

2.  The  weight  of  the  backfill  material  produces  uniform  vertical 
pressure  at  any  horizontal  plane  over  the  entire  width  of  the 
ditch. 

3.  Cohesion  is  negligible. 

4.  The  ditch  walls  do  not  settle. 

5.  For  rigid  conduits  all  of  the  vertical  pressure  in  the  backfill 
at  the  elevation  of  the  top  of  the  conduit  is  carried  by  the 
conduit. 

6.  For  flexible  conduits  part  of  the  vertical  pressure  in  the  back- 
fill at  the  elevation  of  the  top  of  the  conduit  is  carried  by 
the  backfill  material  between  the  conduit  and  the  sides  of  the 
ditch. 

7.  The  shear  at  the  sides  of  the  ditch  is  distributed  as  uniform 
vertical  pressures  (by  virtue  of  internal  friction  in  the  back- 
fill material)  over  the  entire  width  of  the  ditch  at  any  hori- 
zontal plane. 

8.  The  magnitude  of  the  vertical  shearing  stresses  between  the  back- 
fill material  and  the  sides  of  the  ditch  is  equal  to  the  active 
lateral  pressure  exerted  by  the  earth  backfill  against  the  sides 
of  the  ditch  multiplied  by  the  tangent  of  the  angle  of  friction 
between  the  two  materials. 

Derivation  of  Load  Formula  for  Ditch  Conduits 

When  a conduit  is  placed  in  a ditch  and  covered  with  backfill  material, 
the  backfill  material  tends  to  settle  downward.  This  tendency  of  the 
backfill  material  above  the  top  of  the  conduit  to  move  produces  vertical 
friction  forces  or  shearing  stresses  along  the  sides  of  the  ditch.  These 
shearing  stresses  give  support  to  the  backfill  material. 

Shearing  Stresses.  The  cross  section  of  a ditch  conduit  having  a length 
of  one  foot  is  shown  in  Fig.  A-l.  Consider  a horizontal  differential 
element  of  the  backfill  material.  The  distance  H is  measured  from  the 
top  of  the  backfill  to  the  differential  element. 

The  shearing  stress  exerted  on  each  ditch  wall  is  obtained  as  follows: 

The  active  lateral  pressure  of  the  backfill  material  on  the  ditch  wall  at 
any  point  is 
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where  P = total  vertical  pressure  on  a horizontal  plane  within  the 
interior  prism,,  lbs/ft  length  of  ditch 

The  magnitude  of  the  shearing  stresses  at  one  end  of  the  horizontal  dif- 
ferential element  is 


Kn‘  A dH 
ba 

Differential  equation.  Equate  the  vertical  forces  acting  on  this 
element . 


P + dP  + 2KU*  ^ dH  = P + /bd  dH 


dP 

dH 


+ 2Kp«  ^ - 7bd  = 0 


Fig.  A-l  Loads  on  a horizontal  element  of 
the  backfill  material  for  a ditch  conduit 


The  solution  of  this  linear  differential  equation  gives  the  total  verti- 
cal pressure  P within  the  ditch  on  any  horizontal  plane  a vertical  dis- 
tance H from  the  top  of  the  backfill  in  the  interval  0 ^ H ^ Hc.  "When 
H = Hc,  the  total  vertical  pressure  within  the  ditch  at  the  elevation 
of  the  top  of  the  conduit  is 


where 


Pc  = 7b( 


i - e 


-2Km' (Hc/bd) 


2Kp‘ 


(A-l) 


Pc  = total  vertical  pressure  in  the  width  b^  at  the  top  o±  the 
conduit,  lbs  per  linear  foot  of  conduit 
H = vertical  distance  from  top  of  backfill  to  a horizontal  ele 
ment  of  fill  material  having  a height  of  dH,  ft 


The  proportion  of  this  total  vertical  pressure  that  is  carried  by  the 
conduit  will  depend  on  the  relative  rigidity  of  the  conduit  and  of  the 
fill  material  between  the  sides  of  the  conduit  and  the  sides  of  the 
ditch.  For  rigid  pipes  such  as  burned  clay,  concrete,  or  cast- 
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iron  pipe,  the  side  fills  may  he  relatively  compressible  and  the  pipe 
itself  vill  carry  practically  all  of  the  load  Pc . It  the  pipe  is  a rela- 
tively flexible  thin-walled  pipe  and  the  side  fills  have  been  thoroughly 
tamped,  the  load  on  the  conduit  -will  be  reduced  by  the  amount  of  load  the 
side  fills  carry. 

Load  formulas  for  ditch  conduits.  The  total  vertical  load  on  rigid  ditch 
conduits  with  relatively  compressible  side  fills  is 


WC  = ca^d1 2 3 * * 6 7 8 d-b 

-2Kn'(Hc/bd) 

where  Ch  = (l-la) 

d 2Kq ' 


The  total  vertical  load  Wc  on  flexible  pipes  with  thoroughly  compacted 
side  fills  is 


Wc  — Cd/bc^d 


(1-2) 


Loads  on  Positive  Projecting  Conduits 


Assumptions 

The  following  assumptions  are  made  for  deriving  the  equations  for  loads 
on  positive  projecting  conduits: 

1.  Vertical  shearing  planes  exist  between  the  interior  and  exterior 
pri  sms . 

2.  Cohesion  is  negligible. 

3.  The  magnitude  of  the  shearing  stresses  is  equal  to  the  active 
lateral  pressure  at  the  vertical  shearing  planes  multiplied  by 
the  tangent  of  the  angle  of  internal  friction  of  the  embankment 
material . 

k.  The  weight  of  the  embankment  material  above  the  top  of  the  con- 
duit produces  a uniform  vertical  pressure  over  the  entire  width 
of  the  interior  prism. 

The  shear  at  the  sides  of  the  interior  prism  is  distributed  as 
uniform  vertical  pressure  (by  virtue  of  internal  friction  in 
the  embankment  material)  over  the  entire  width  of  the  interior 
prism. 

6.  The  shear  at  the  sides  of  the  exterior  prism  is  distributed  as 
uniform  vertical  pressures  throughout  the  embankment  in  the  in- 
finitely wide  exterior  prism  and  its  effect  on  the  consolidation 
in  the  exterior  prism  may  be  neglected. 

7.  The  embankment  material  has  a constant  modulus  of  consolidation. 

8.  The  foundation  material  has  a constant  modulus  of  consolidation. 


The  modulus  of  consolidation  of  a body  of  soil  is  the  ratio  of  the  unit 
vertical  pressure  to  the  unit  consolidation  in  the  vertical  direction. 
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The  assumption  of  vertical  shearing  planes  is  employed  for  convenience, 
and  load  measuring  experiments  indicate  that  the  assumption  is  valid. 

Existence  of  the  Plane  of  Equal  Settlement 

Consider  a rigid  conduit  resting  on  a nonyielding  foundation  (Fig.  A-2). 
The  interior  prism  at  the  top  of  the  conduit  has  not  settled  because 
the  rigid  conduit  and  its  nonyielding  foundation  have  prevented  any 
settling.  The  exterior  prism  at  the  nonyielding  foundation  has  not 
settled,  but  a particle  in  the  exterior  prism Jtias  settled  from  point  A 
to  the  point  AT  because  of  the  consolidation  of  the  embankment  mate- 
rial below  the  particle.  Particles  in  the  interior  prism  resist  the 
settling  of  particle  A and  thus  a portion  of  the  load  above  particle  A 
is  transferred  to  the  interior  prism  causing  consolidation  of  the  par- 
ticles in  the  interior  prism. 


Fig.  A-2  Basic  case  for  considering  the  action 
of  an  embankment  over  a positive  projecting  conduit. 

Consider  a higher  particle  B in  the  exterior  prism  which  settles  more 
than  an  adjacent  particle  in  the  interior  prism.  A portion  of  the  load 
is  also  transferred  from  the  exterior  prism  to  the  interior  prism. 

Since  loads  are  being  transferred  from  the  exterior  prism  to  the  in- 
terior prism,  the  unit  load  in  the  exterior  prism  is  less  than  the  unit 
load  in  the  interior  prism.  A greater  consolidation  exists  in  the  in- 
terior prism  than  in  the  exterior  prism  above  point  A because  of  the 
greater  unit  loads  in  the  interior  prism  causing  consolidation. 

At  point  C the  consolidation  in  the  interior  prism  is  greater  than  the 
consolidation  in  the  exterior  prism  above  point  A by  the  amount  of  the 
settling  from  A to  A* . Therefore  at  point  C the  settlement  in  the  in- 
terior prism  is  equal  to  the  settlement  in  the  exterior  prism  and  there 
is  no  transfer  of  loads  from  the  exterior  prism  to  the  interior  prism 
at  and  above  the  plane  of  equal  settlement. 


A-5 


♦ 


Determination  of  the  Height  of  Equal  Settlement  He 

To  ascertain  whether  the  complete  or  incomplete  condition  occurs,  it  is 
necessary  that  He  he  determined.  The  derivation  shown  in  the  determina- 
tion of  He  is  that  originally  developed  by  A.  Marston4.  Marston's 
assumption  for  determining  He  yields  an  expression  which  gives  slightly 
greater  values  for  loads  on  conduits  than  those  assumptions  used  by 
M.,G.  Spangler9.  The  expression  for  He  is  obtained  by  a consideration  of 
the  various  additional  settlements  and  additional  consolidations. 


Expression  for  the  value  of  sm.  By  the  definition  of  the  average  modulus 

of  consolidation  of  the  embankment  material  subjected  to  loads  resulting 

„ tt  x TT  r,  change  in  unit  stress  , , . 

from  fill  heights  of  HP  to  H0,  E = — . ~;~~r  r-: — “ > obtain 

D e change  m unit  deformation 

the  result 


nnc  - He) 

— g pHc 


(A-2) 


Expression  for  the  value  of  Xe 
ing  assumption  6,  page  A- 3 


\e  — 


7(HC  - He) 


E 


H, 


Likewise,  obtain  the  result  on  recogniz- 
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Expression  for  the  value  of  Aq.  Equating  the  vertical  forces  acting  on 
the  horizontal  differential  element  of  the  interior  prism,  and  recogniz- 
ing, as  was  shown  on  page  A-l,  that 


dP*  p» 

^ T 21^  - - 7bc  = 0 

obtain  the  differential  equation  (see  Fig.  A-3) 

dP"  = ± 2Kp  dH (A-4) 

where  P*  = vertical  pressure  on  a horizontal  plane  within  the  interior 
prism  when  the  embankment  height  is  equal  to  the  height 
of  equal  settlement  (Hc  = He),  lbs/ft  length  of  conduit 
Pn  = additional  vertical  pressure  on  a horizontal  plane  within 

the  interior  prism  due  to  the  weight  of  the  material  above 
the  plane  of  equal  settlement,  lbs/ft  length  of  conduit 

In  Eq.  A-4  the  top  sign  in  the  (±)  symbol  is  used  for  the  projection  con- 
dition and  the  bottom  sign  is  used  for  the  ditch  condition.  This  conven- 
tion is  used  wherever  double  signs  appear. 

The  solution  of  this  differential  equation  (Eq.  A-4)  gives  (using  the 
boundary  condition  P"  = 7bc(Hc  - He)  when  H = 0) 

P"  = 7Hc(Hc  - He)  e^(HA=) (A-5) 
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The  value  of  additional  consolidation  of  the  embankment  material  between 
the  top  of  the  conduit  and  the  plane  of  equal  settlement  in  the  interior 
prism  Xp  is  the  summation  of  the  consolidation  for  each  differential 
horizontal  element.  The  consolidation  of  each  differential  element  is 


dip 


(A-6) 


The  solution  of  this  differential  equation  is  (using  the  boundary  con- 
dition Xp  = 0 when  H = 0). 


± 


^C  T ±2Kn(He/bc) 

2K(i  L e 


1 


(A-7) 


Fig.  A-3  Forces  used  to  determine  the  additional 
consolidation  of  the  material  in  the  interior  prism 


Expression  for  He.  By  the  definition  of  the  plane  of  equal  settlement, 
the  additional  settlement  at  the  top  of  the  interior  prism  is  equal  to 
the  additional  settlement  at  the  top  of  the  exterior  prism. 


y (hc  - h6)  b( 


E 


2Kp 
7(Hn  -Hj 


*2Kn(He/bc) 

e - 1 


+ Sf  + sc 


E 


He  + sm  + sg  • • • • (A-8) 


Rearranging,  and  using  Eqs.  1-3  anh  A-2,  obtain 

*2Kn(He/bc ) 


T 2Kn(He/b  ) = ± 2Kn6p  + 1 


. • • (1-4) 
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Derivation  of  Load  Formulas  for  Positive  Projecting  Conduits,  Complete 
Condition 

The  vertical  forces  on  any  horizontal  differential  element  in  the  interior 
prism  may  he  equated  as  follows  (see  Fig.  A-4) 


P+dP=P+7bPdH±2Kpr^dh 


(A-9) 


The  solution  of  this  differential  equation  (using  the  boundary  condition 
H = 0,  P = 0)  is 


P = 7b, 


±2Kn(H/bc) 

e - 1 

±2K(i 


(A-10) 


At  the  top  of  the  conduit  P = Wc  when  H = Hc.  Therefore,,  the  load  on 
projecting  conduits,  complete  condition,  is 


Wc  = Cp7bc£ 


where 


CP 


±2Kn(Hc/bc) 

e - l 

±2Ku 


(1-5) 


(l-5a) 


Since  Eqs.  1-5  and  l-5a  are  applicable  for  both  the  complete  ditch  condi- 
tion and  the  complete  projection  condition,  they  may  be  used  to  determine 
loads  on  both  rigid  and  flexible  conduits. 


♦ 


Fig.  A-4  Loads  on  a horizontal  element  in  the 
interior  prism  for  the  complete  condition 
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Derivation  of  Load  Formulas  for  Positive  Projecting  Conduits,  Incomplete 
Condition 

The  vertical  forces  on  a horizontal  differential  element  of  the  interior 
prism  are  equated  (see  Fig.  A-5). 

P+dP=P+7bc  dH±  2Kp  ~ dH (A-ll) 

Dc 

The  solution  of  this  differential  equation  (using  the  boundary  condition 
H = 0,  P = [Hc  - He]7bc)  is 


P = T 


7h( 


7b, 


±2Kn(H/bc) 


2Kp 


2K(i 


+ (Hp  - Hp)7bp  e 


±2Kn(H/bc) 


(A-12) 


At  the  top  of  the  conduit  (vhen  H = He)  P = Wc.  Therefore,  the  load  on 
positive  projecting  conduits,  incomplete  condition,  is 


where 


Wc  — Cp7bc 


(1-6) 


e*2Ku(He/bc ) 
CP  = ±2Kp 


lc 


±2Kn(He/bc) 

e 


(l-6a) 


Fig.  A-5  Loads  on  a horizontal  element  in  the 
interior  prism  for  the  incomplete  condition 
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Loads  on  Negative  Projecting  Conduits 
Classification  Requirements 

An  underground  conduit  is  classed  as  a negative  projecting  conduit  if  all 
of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow  ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is  higher  than  the 
natural  ground. 

A ditch  is  sufficiently  narrow  if  the  load  on  the  conduit  as  computed  by 
the  negative  projecting  conduit  formula  is  less  than  the  load  on  the  con- 
duit as  computed  by  the  positive  projecting  conduit  formula. 

Projection  Condition 

When  the  backfill  material  around  and  above  a negative  projecting  rigid 
conduit  is  less  compressible  than  the  material  in  the  ditch  walls,  the 
projection  condition  exists.  The  projection  condition  exists  because 
loads  are  transferred  from  the  exterior  prisms  to  the  interior  prism. 

The  load  on  a negative  projecting  conduit,  projection  condition,  will 
usually  not  be  greater  than  that  obtained  by  using  Eqs.  1-5  and  1-6  when 
p = 1.  Wo  load  formulas  will  be  derived  for  negative  projecting  con- 
duits, projection  condition. 

Ditch  Condition 

The  ditch  condition  requires  that  loads  be  transferred  from  the  interior 
prism  to  the  exterior  prism.  The  ditch  condition  exists  when  the  back- 
fill is  more  compressible  than  the  natural  ground. 

Definitions  used  for  the  ditch  condition.  In  the  discussion  of  loads  on 
negative  projecting  conduits  for  the  ditch  condition,  the  following 
terms  are  redefined: 

1.  The  interior  prism  is  that  prism  of  backfill  and  embankment  ma- 
terials which  is  bounded  by  the  vertical  planes  coincident  with 
the  sides  of  the  ditch  containing  the  conduit,  the  top  of  the 
conduit,  and  the  plane  of  equal  settlement. 

2.  The  exterior  prism  is  that  prism  of  embankment  material  which  is 
bounded  by  the  interior  prism,  the  natural  ground,  the  the  plane 
of  equal  settlement. 

5*  The  critical  plane  is  that  film  of  particles  of  backfill  materi- 
als that  was  originally  lying  in  the  horizontal  flat  plane  at 
the  elevation  of  the  natural  ground  when  Hc  = p’bq. 

4.  The  plane  of  equal  settlement  is  that  film  of  particles  of  em- 
bankment materials  that  lies  in  the  lowest  horizontal  plane 
which  remains  as  a plane  as  settlement  takes  place.  This  neces- 
sitates that  the  settlement  of  a particle  of  embankment  at  any 
elevation  above  the  interior  prism  will  be  equal  to  the  settle- 
ment of  any  particle  having  the  same  elevation  above  the  exterior 
prism.  Thus  there  are  no  vertical  shears  existing  between  the 
particles  of  embankment  materials  above  the  plane  of  equal 
settlement . 
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5.  The  projection  ratio  p 1 is  the  ratio  of  the  distance  between 
the  natural  ground  surface  and  the  top  of  the  conduit  (when 
Hc  = 0)  to  the  width  of  the  ditch  bd. 

Determination  of  height  of  equal  settlement  He . Again,  to  determine 
whether  the  complete  or  incomplete  ditch  condition  occurs,  it  is  neces- 
sary to  determine  He.  The  derivation  shown  in  the  determination  of  He 
is  based  on  the  same  set  of  assumptions  that  A.  Marston  used  for  posi- 
tive projecting  conduits  and  will  give  slightly  greater  loads  than  the 
derivation  developed  by  M.  G.  Spangler.12 


Definitions  and  symbols  for  negative  projecting  conduits,  ditch  condi- 
tion, will  be  discussed  before  deriving  the  expression  for  the  height 
of  equal  settlement  He  since  some  are  different  from  those  used  for 
positive  projecting  conduits. 

Symbols.  The  symbols  used  to  evaluate  the  additional  settlement 
of  the  top  of  the  exterior  prism  are  (see  Fig.  A -6) 

Xen  = additional  consolidation  of  the  embankment  material 
between  the  natural  ground  and  the  plane  of  equal 
settlement,  ft 

Sg  = additional  settlement  of  the  natural  ground  surface  be- 
low the  exterior  prism  due  to  the  consolidation  of 
the  foundation,  ft 


The  symbols  used  to  evaluate  the  additional  settlement  of  the  interior 
prism  are  (see  Fig.  A-6) 

Xin  = additional  consolidation  of  the  embankment  material 
between  the  critical  plane  and  the  plane  of  equal 
settlement,  ft 

sc  = additional  deformation  of  the  conduit,  ft 

sf  = additional  settlement  of  the  bottom  of  the  conduit 

(i.e.,  the  surface  of  the  natural  ground  beneath  the 
conduit)  due  to  the  consolidation  of  the  foundation, 
ft 

sd  = additional  consolidation  of  the  backfill  material  be- 
tween the  top  of  the  conduit  and  the  critical  plane, 
ft 


Definition  of  settlement  ratio  6*.  The  settlement  ratio  5*  is  the 
ratio  of  the  difference  of  the  additional  settlement  of  the  natural 
ground  in  the  exterior  prism  Sg  and  the  additional  settlement  of  the 
critical  plane  (sc  + sp  + sd)  to  the  additional  consolidation  of  the 
backfill  material  between  the  top  of  the  conduit  and  the  critical 
plane  sd . 


se  ~ (sc  + sf  + sa) 
sd 


r 


V 


8' 


. . (A-13) 
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Fig.  A -6  Negative  projecting  conduit 
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Values  of  sd,  A<en,  lj_n.  Expressions  for  the  values  of  sd,  len, 
and  are  obtained  in  a manner  similar  to  that  used  to  obtain  the 
additional  consolidation  for  positive  projecting  conduits. 


7(HC  He)b^ 
Xin  = 2KpE 


-2Ku(He 

i - e 


p'ba)/bd 

_ 


7(He  - He)bd 
s<i  2KpE 


-2Kd(He 

e 


0'bd)/bd 


-2Kd(H  /bd) 

e 


(A-U) 


_ 7(HC  ~ He) (He  - p'bd) 
A-en  - E 


depression  for  He.  By  the  definition  of  the  plane  of  equal  settle- 
ment , the  additional  settlement  at  the  top  of  the  interior  prism  is 
equal  to  the  additional  settlement  at  the  top  of  the  exterior  prism. 


7(HC  - He)bd 
2KpE 


-2Ku(He  - D’bd)/bdl 

i-e  J+Sj 


+ 


SC  + 


Sj  = 


7(HC  - He)(He  - p'bd) 
E 


+ s. 


(a-15) 


Rearranging  and  using  Eqs.  A-13  and  A-l4,  obtain 


e 


-2KM(He/bd) 


(6*  + 1)  e 


2Kup' 


+ 2K|i(He/bd)-(2Kpp'  + 1)  =0 


(A-16) 


Complete  and  incomplete  conditions.  The  comparison  of  Hg/bd  values 
with  Hc/bd  values  define  whether  the  complete  condition  or  incomplete 
condition  exists. 

Hc  He 

When  — ^ — , the  complete  ditch  condition  exists. 
bd  bd 


When 


5c 

bd 


the  incomplete  ditch  condition  exists. 


The  value  of  He/bd  is  required  to  determine  the  load  on  a negative  pro- 
jecting conduit  for  the  incomplete  ditch  condition. 

Derivation  of  load  formulas  for  negative  projecting  conduit,  complete 
ditch  condition.  The  equations  for  the  load  on  negative  projecting  con- 
duits, complete  ditch  condition,  are  obtained  in  a manner  similar  to 
that  used  for  obtaining  Eqs.  1-5  and  l-5a. 


Wc  = Cn7bd‘ 


(A-17) 


V 
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where 

-2Kn(Hc/bd) _ 

Cn  = - — (A~17a> 

Derivation  of  load  formulas  for  negative  projecting  conduits,  incomplete 
ditch  condition.  The  equations  for  the  load  on  negative  projecting  con- 
duits, incomplete  ditch  condition,  are  obtained  in  a manner  similar  to 
that  used  in  obtaining  Eqs.  1-6  and  l-6a. 

wc  = cn7bd2 (A-18) 


where 

e2Kp(Vbd).  . . (a. 

It  is  necessary  to  determine  the  value  of  He/bq  by  the  use  of  Eq.  A-l6 
to  solve  Eq.  A-l8a  since  Eq.  A-l8a  contains  He/bq  as  one  of  its 
variables . 


■n 


e - 1 

- 2Kp 


+ 


5c 

^d 


He 

br 


Ditch  Conduit  with  Compacted  Backfill 

An  underground  conduit  is  classed  as  a ditch  conduit  with  compacted  back- 
fill if  all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow  ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is  higher  than  the 
top  of  the  conduit  but  not  higher  than  the  original  ground  sur- 
face . 

3.  The  backfill  is  less  compressible  than  the  material  in  the 
ditch  walls. 


A ditch  is  sufficiently  narrow  if  its  width  is  less  than  the  values  of 
bq  as  computed  by  the  formula 


b. 


C b 2 
upDc 

Hn 


(A-1 9) 


The  load  on  the  conduit  depends  on  the  degree  of  compaction  of  the  mate- 
rial adjacent  to  the  conduit.  If  this  material  is  relatively  incompress- 
ible, part  of  the  weight  of  the  material  in  the  ditch  above  the  conduit 
will  be  transferred  through  the  adjacent  material  to  the  foundation. 
Therefore,  the  minimum  load  on  the  conduit  will  be  equal  to  the  weight  of 
the  material  directly  above  the  conduit.  If  the  material  adjacent  to  the 
conduit  is  relatively  compressible,  no  load  will  be  transferred  through 
the  material  to  the  foundation  and  the  load  on  the  conduit  approaches  a 
value  equal  to  the  weight  of  the  backfill  material  of  width  bq  in  the 
ditch  above  the  conduit.  For  conservative  design  the  latter  assumption 
is  used  and  the  load  on  the  ditch  conduit  with  compacted  backfill  is 


Wc  = 7Hcbd 


(A-20) 
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If  external  loads,  such  as  wheel  loads,  cause  consolidtion  of  the  mate- 
rial in  the  ditch  wall,  the  loads  on  the  conduit  are  increased  and  the 
conduit  should  he  treated  as  a positive  projecting  conduit. 


Imperfect  Ditch  Conduit 

An  underground  conduit  is  classed  as  an  imperfect  ditch  conduit  if  the 
following  condition  exists: 

An  unusual  method  of  construction  is  used  to  insure  that  the  com- 
pressibility of  the  materials  in  the  interior  prism  immediately 
above  the  conduit  is  sufficiently  greater  than  the  compressibility 
of  the  materials  in  the  exterior  prisms.  An  embankment  is  con- 
structed in  the  usual  manner  to  a height  1 to  1 l/2  times  the  width 
of  the  conduit  above  its  top.  A trench  having  a width  bc  and 
centered  directly  above  the  conduit  is  dug  in  this  constructed  em- 
bankment to  the  top  of  the  conduit.  The  trench  is  loosely  back- 
filled to  the  top  of  the  trench  and  the  embankment  completed  in 
the  usual  manner. 

The  method  of  construction  is  used  to  insure  that  the  interior  prism 
will  settle  more  than  the  exterior  prism  so  that  the  friction  forces 
acting  on  the  interior  prism  will  reduce  the  vertical  load  on  the  con- 
duit. This  type  of  construction  should  never  be  used  through  an  em- 
bankment that  is  used  to  store  or  retain  water. 

The  load  formulas  for  an  imperfect  ditch  conduit  are  the  load  formulas 
for  negative  projecting  conduits,  ditch  condition. 


Conduit  on  Compressible  Bedding 

An  underground  conduit  is  classed  as  a conduit  on  compressible  bedding 
if  the  following  condition  exists: 

An  unusual  method  of  construction  is  used  to  insure  that  the  foun- 
dation material  under  the  conduit  is  more  compressible  than  the 
foundation  material  adjacent  to  the  conduit.  This  is  accomplished 
by  excavating  a trench  in  the  foundation  material  slightly  wider 
than  the  outside  width  of  the  conduit.  The  trench  is  backfilled 
with  compressible  material.  The  conduit  is  installed  on  the  com- 
pressible material. 

This  type  of  construction  insures  that  the  ditch  condition  exists. 

This  requires  that  the  interior  prism  settles  more  than  the  exterior 
prisms.  The  shearing  forces  transfer  a portion  of  the  weight  of  the  in- 
terior prism  to  the  exterior  prisms.  Conduits  on  compressible  bedding 
should  not  be  used  where  the  function  of  the  embankment  is  to  store 
water . 

The  load  formulas  for  a conduit  on  compressible  bedding  are  the  load 
formulas  for  positive  projecting  conduits,  ditch  condition. 
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APPENDIX  B - DERIVATION  OF  SUPPORTING  STRENGTH  FORMULAS  FOR 
CIRCULAR  RIGID  PIPES  INSTALLED  ON  PROJECTING  CRADLES  AND  BEDDINGS 


In  a field  installation  the  supporting  strength  of  a pipe  is  greater  than 
that  determined  by  the  three-edge  bearing  test.  A more  favorable  load 
distribution  exists  on  pipes  in  the  field  installation  than  that  of  the 
three-edge  bearing  test. 


Load  Factor 


The  ratio  of  the  supporting  strength  of  the  pipe  in  any  stated  loading 
condition  Rc  to  the  supporting  strength  of  pipe  in  three-edge  bearing 
Reb  is  called  the  load  factor. 


l 

f Reb 


(2-2) 


The  value  of  a load  factor  depends  on  the  distribution  of  the  loads  on 
the  conduit.  The  type  of  cradle  or  bedding  associated  with  the  conduit 
together  with  the  classification  of  the  underground  conduit  determines 
the  distribution  of  the  load  on  the  conduit. 


I 


Total  Load  = 


Fig.  B-la  Assumed  load  dis- 
tribution for  the  case  of 
three -edge  bearing 


Fig.  B-lb  Assumed  load  distribu- 
tion on  an  underground  conduit 
installed  on  a projecting  bedding 


Figure  B-lb  is  a generalized  load  pattern  consisting  of  five  variables 
(|3,  a or  p,  r,  and  Wc).  This  pattern  was  prepared  from  a study  of 
experimental  data  of  loads  on  underground  conduits.  Because  of  the  va- 
riety of  values  of  these  five  variables,  it  is  impractical  to  obtain 
load  factors  by  actual  test.  An  expression  for  the  load  factor  in  terms 
of  these  variables  has  been  analytically  derived.5  The  expression  for 
the  load  factor  is  determined  by  the  following  procedure: 


Trie  maximum  allowable  fiber  stress  in  a pipe  for  the  three-edge  bearing 
test  is  derived  (Fig.  B-la).  This  is  set  equal  to  the  derived  maximum 
fiber  stress  for  the  assumed  load  pattern  given  in  Fig.  B-lb.  The  re- 
sulting equation  is  rearranged  to  give  Rc/Rei3  or  the  load  factor  Lp. 

The  maximum  liber  stress  for  the  three-edge  bearing  load  is  to  be  ex- 
pressed in  terms  of  Reg  and  r.  The  maximum  moment  in  the  shell  of  a 
rigid  pipe  for  a three-edge  bearing  load  occurs  at  the  bottom  and  the 
top  of  tne  pipe.  Since  tension  is  the  critical  stress  for  most  rigid 
pipes,  the  pipe  fails  at  the  inside  surface. 

The  horizontal  reaction  Rg  is  zero  since  no  horizontal  loading  is 
assumed  in  the  three-edge  bearing  test  (see  Fig.  B-3).  By  the  flexure 
formula 


M-nC 

feb  = — O1) 

The  value  of  Mg  is  not  statically  determinable.  A relation  based  on 
the  elastic  properties  of  the  pipe  is  required  to  determine  Mg. 


Elastic  Theory  of  a Thin  Ring 
The  Bending  of  a Beam  by  a Moment  M 

The  application  of  a moment  at  any  section  C of  a static  beam  (see  Fig. 
B-2)  will  cause  compressive  stresses  in  the  fibers  on  one  side  of  the 
neutral  surface  and  tensile  stresses  on  the  opposite  side  of  the  neu- 
tral surface.  This  causes  bending  in  the  beam  and  a tangent  line  to 
the  neutral  surface  is  rotated  through  an  angle  AG.  The  relation  of 
the  angle  AQ  and  moment  M is  derived. 

Consider  a differential  element  (see  Fig.  B-2)  in  compression  of  a 
length  A i a distance  y from  the  neutral  axis.  The  rotation  of  the  tan- 
gent through  an  angle  A0  causes  a change  in  the  central  angle  by  the 
amount  A6.  The  differential  element  is  shortened  by  the  amount  yA6. 

unit  deformation  is  d = yAG/AI.  By  Young's  modulus  (E1  = <j/d)  the 
total  stress  on  the  differential  element  of  a cross-sectional  area  Aa 
is 


AS  = aAa  = E'o  Aa  = E'y  — Z^l 

The  moment  of  this  differential  element  with  respect  to  the  neutral  sur- 
face is 


AM  = yAS 


or 


o A0 

dM  = E’y-  — da 

Assuming  the  modulus  of  elasticity  is  the  same  for  both  compression  and 
tension  obtain,  on  integrating. 


I 
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M = E1 1 


d0 

di 


(B-2 ) 


-where  — = the  instantaneous  rate  of  change  of  the  angle  which  the  tan- 
gent to  the  neutral  surface  is  rotated  per  unit  length  of 
the  neutral  surface.  This  rate  of  rotation  is  caused  by 
the  moment  M.  The  value  of  d0/df  is  also  equal  to  the  in- 
stantaneous rate  of  change  (caused  by  the  moment  M at  sec- 
tion C)  in  the  central  angle  per  unit  length  of  the  neutral 
surface.  The  central  angle  0 for  a circular  ring  is  meas- 
ured from  any  fixed  radius  to  the  section  C. 


o 


Fig.  B-2  Bending  of  a circular  beam  caused  by  a moment  at  a section 

The  total  change  in  the  central  angle  (02  — 0-jJ  by  application  of  a vari- 
able moment  M in  the  segment  of  a thin  ring  subtending  the  angle  0 is 
(observing  that  di  = rd©) 


(B-3) 


The  change  in  the  central  angle  between  sections  A and  B is  zero  for  a 
symmetric  loading  on  the  ring.  Therefore,,  multiplying  the  integrand  of 
Eq.  B-3  by  the  constant  E'l/r,  obtain 


(B-4-) 


M d0  = 0 


Maximum  Fiber  Stress  for  Three-edge  Bearing  Load 
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The  moment  M at  any  point  C in  the  ring  is  contained  in  the  integrand 
of  Eq.  B-4.  This  is  to  he  expressed  in  terms  of  Ret,,  r,  and  the  moment 
Mg  at  B.  By  statics  (see  Fig.  B-3) 

Reb 

M = Mg — 1 r sin  0 


Substituting  into  Eq.  B-4 


obtain 


7T 

sin  9 d0  = 0 


M- 


B 


^eb  r 
t r 


A factor  of  0.75  is  applied  to  allow  for  the  shift  in  the  neutral  axis 
and  for  the  non-linear  proportionality  of  stress  and  strain  near  ulti- 
mate stress  or 


0-75  Beb  r 

7 r 


(B-5) 


Observing  that 


T 4-2 

— = — and  substituting  Eq.  B-5  into  Eq.  B-l,  obtain 

c 6 


_ 1131  Reb  r 
eb  " t2 


(B-6) 


Second  Relation  by  Elastic  Theory 

A second  relation  based  on  the  elastic  theory  is  required  for  the  deri 
vation  of  the  expression  for  the  maximum  fiber  stress  for  the  assumed 
load  pattern  given  in  Fig.  B-lb 
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The  second  relation  is  found  by  a consideration  of  the  displacement  of 
the  end  of  a circular  beam  caused  by  rotating  the  beam  at  a section 
through  a small  angle.  Rotating  a beam  at  section  C through  any  small 
angle  | will  cause  the  free  end  B to  be  displaced  (see  Fig.  B-4). 


Fig.  B-k  Displacement  of  the  end  of  a circular 
beam  caused  by  a small  rotation  at  a section 


Since  CCS  C’W,  and  CW  are  perpendicular  to  B’B",  BBS  and  BB*  respec- 
tively,, then 


AWC 1 C « ABB"B  ’ 


and 


B»Bn 

BB1 


CC» 

CW 


when  the  angle  | at  point  C is  small,  then  approximately 


BB?  = CB| 
CB  = CW 


Hence  the  horizontal  displacement  B*B"  of  the  point  B due  to  a rotation 
at  section  C is 

B’B"  = CC* | but  CC*  = r(l  — cos  9)  then 

B*Bn  = |r(l  - cos  0)  (B-7) 

The  rotation  per  unit  length  of  beam  A9  at  any  section  C caused  by  the 
moment  M is  given  by  (see  Eq.  B-2) 


A0 


M 

E*I 


A i 


The  horizontal  displacement  of  point  B by  the  rotation  A9  is  obtained  by 
substituting  A0  for  | in  Eq.  B-7- 


(1  — cos  9)  A£ 
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The  sum  of  all  displacements  at  point  B caused  by  the  moment  M at  all 
sections  C in  the  interval  0 < 0 < tt  is  zero  for  a symmetric  loading  on 
the  ring.  Observe  that  Ai  = rA0,  then 


TT 

Mr2 

E’l 


(1  — cos  0)  d0  = 0 


Multiplying 


by  E'I/r2  and  subtracting  from  Eq.  B-4 


7 r 


M cos  0d0  = 0 


(B-8) 


Maximum  Fiber  Stress  in  a Pipe  Installed  on  a Bedding 
The  fiber  stress  is  obtained  for  the  load  pattern  given  by  Fig.  B-lb. 

The  load  Rc  is  that  load  which  causes  failure.  The  maximum  fiber  stress 
for  the  given  load  pattern  is  to  be  expressed  in  terms  of  Rc_,  r,  p,  a; 
and  k-^.  The  maximum  moment  in  the  shell  of  a rigid  pipe  for  a symmetri- 
cal loading  about  a vertical  diameter  is  either  at  the  top  or  at  the 
bottom  of  the  pipe.  Pipes  on  cradles  fail  at  the  top  and  pipes  on  bed- 
ding fail  at  the  bottom  of  the  pipe. 

By  the  flexure  formula  and  observing  that  a direct  stress  Rg  is  to  be 
considered  (see  Fig.  B-5) 

fec  = MB  i _ if  <B-9) 


The  values  of  Mg  and  Rg  are  not  statically  determinable  and  are  deter- 
mined by  the  use  of  Eqs.  B-4  and  B-8.  An  expression  for  M (moment  at 
any  section  C of  the  pipe  wall)  is  written  for  all  values  of  0 in  the 
intervals  0^0^  p,  p ^ 0 ^ a,  a ^ 0 ^ tt/  2,  and  tt/2  ^ 0 ^ it,  using  the 
principles  of  statics.  These  expressions  are  substituted  into  Eqs.  B-4 
and  B-8  with  the  proper  limits.  After  integration  the  values  of  Mg  and 
Rg  are  determined. 

The  values  of  Rg  and  Mg  are 


RB  = sf  (coe2  a + 2Y  Kt' 


(B-10) 


Mg  = 


3r  Rc 

- cos2  p 

yh 

k-TT 

6 

3 

+ 


P , 3 cos  p , 3ir 
8 sin  p + 8 + 15 


tt  sin  0 0 sin  p 

5 + 5 


K + Z 

+ -r 


. . . (B-ll) 


B-7 


where 


2 

_ 3tt  cos  a - 3a  cos  g + sin  a cos  a + 2 sin  a (b-12) 

1 ~ 1 + cos  a K 

z _ 2tt  cos2  a - 2a  cos2  a + 3 cos  a sin  a + tt  - a (b-13) 

1 + cos  a 

As  "before  a factor  of  0.75  has  been  applied  to  the  moment  Mg. 

I t2 

Observing  that  — = — and  substituting  Mg  and  Rg  into  Eq.  B~9  and  letting 
t - 0.15*0  obtain  ^ 

fee  = q#  (Xp  - HXa>  

where 

Y - !5-5  _ 0.775  COS2  (3  90  15.5  cos  0 

P 16  t r 16tt  sin  0 Btt 

9 sin  (3  90  sin  0 

8 Btt  1 

and 

x . U55I  _ 1-125Z  (B-l6) 

am  tt 

where  Y and  Z are  defined  by  Eqs.  B-12  and  B-13. 


Fig.  B-5  Assumed  loads  for  actual  field  conditions 
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Maximum  Fiber  Stress  in  Pipe  Installed  on  Cradles 
Pipes  installed  on  cradles  fail  at  the  top. 

The  maximum  fiber  stress  at  the  top  of  the  pipe  is  (see  Fig.  B-5) 


Yec  — ^A.  j t 


(B-17) 


The  values  of  MA  and  RA  are  obtained  by  use  of  the  values  of  Mg  and  Rg 
and  the  principles  of  statics.  They  are 


rR, 


Ma  = 


A 7T 


cos2  p Y Kt  

~ T>  3 8 sin  6 


6 


3 cos  (3  7 r 

+ — 8 TS 


6 sin  6 KtZ  ^t  ^t  cos  a 

5 + “7 2 2 


Rc 

Rfl  = — 
A 7T 


ttk. 


cos2f3  YHCt 


. . (b-i8) 


(B-19) 


ut  6 3 J 

Substituting  MA  and  RA  into  Eq.  B-17  and  letting  t = 0.15r,  obtain 


where 


and 


rRp 

fec  = ~^2~  ~ HXa^ 


xp  = 


0.773  cos2  p + 0.56256  1.6873  cos  6 

7T  7T  Sin  (3  7T 


- 0.28125  + 


1.1256  sin  6 


7T 


Xa  = 2. bO  + 2.25  cos  a - 


(B-lk) 


. (B-20) 


1>12^Z  _ X-^Y  . . . (B-21 ) 
7T  TT 


where  Y and  Z are  defined  by  Eqs.  B-12  and  B-13- 

Load  Factor  for  Pro.iecting  Cradles  and  Beddings 

Equating  Eqs.  B-6  and  B-l4,  obtain 

1.451  Reb  r _ rRc  _ „ x 

2 “ t2  ^ j?  KtAa/ 


or 


_ _Rc_  _ 1.431 

Reb  ^p  - Ktxa 


• (2-5) 


APPENDIX  C ~ EVALUATION  OF  THE  SETTLEMENT  RATIO 
FOR  POSITIVE  PROJECTING  CONDUITS 


The  settlement  ratio  5 is  a parameter  used  in  load  formulas  of  positive 
projecting  conduits.  Its  value  is  required  to  determine  the  height  of 
the  plane  of  equal  settlement  He.  The  settlement  ratio  is  defined  as 
the  ratio  of  the  difference  of  the  additional  settlement  of  the  top  of 
the  conduit  and  the  additional  settlement  of  the  critical  plane  in  the 
exterior  prism  to  the  additional  consolidation  of  the  embankment  mate- 
rial below  the  critical  plane. 


5 = 


(sm  + sg)  ~ (sf  + sc) 
sm 


(1-5) 


where  sm  = additional  consolidation  of  the  embankment  material  in  the 
exterior  prism  between  the  critical  plane  and  the  natu- 
ral ground  surface,  ft 

Sg  = additional  settlement  of  the  natural  ground  surface  below 

the  exterior  prism  due  to  the  consolidation  of  the  founda- 
tion, ft 

sm  + Sg  = additional  settlement  of  the  critical  plane  in  the  ex- 
terior prism,  ft 

sc  = additional  deformation  of  the  conduit,  ft 

sp  = additional  settlement  of  the  bottom  of  the  conduit  (i.e., 
the  surface  of  the  natural  ground  beneath  the  conduit) 
due  to  the  consolidation  of  the  foundation,  ft 

Sf  + sc  = additional  settlement  of  the  top  of  the  conduit,  ft 


The  equation  for  determining  the  height  of  equal  settlement  Hg  is 
±2Kn(He/bc)  / i \ /in 

e T 2KU(He/bc)  = ± 2Kp5p  +1 (1-4) 

The  value  of  Hg  can  be  determined  from  Eq.  1-4  if  the  values  for  5 and 
the  other  variables  are  known. 


The  present  method  of  estimating  the  value  of  5 is  based  on  a considera- 
tion of  test  data  taken  from  studies  made  on  existing  underground  con- 
duits. The  values  of  5 obtained  by  these  tests  showed  wide  variation 
and  could  not  be  definitely  correlated  with  the  conditions  under  which 
the  conduits  had  been  installed.9  This  lack  in  correlation  appears  to  be 
the  result  of  the  incorrect  assumption  that  values  of  p have  minor  in- 
fluences on  the  value  of  5. 

An  analytical  derivation  for  the  expression  of  5 is  presented.  This  ex- 
pression for  8 is  in  terms  of  factors  that  are  readily  determined  for 
the  particular  site  and  conditions  under  which  the  conduit  is  installed. 

The  existence  of  a lower  plane  of  equal  settlement  can  be  proved  by  the 
same  procedure  as  Marston4  used  to  prove  the  existence  of  an  upper  plane 
of  equal  settlement. 
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Assumptions 

The  following  assumptions  are  made  in  the  derivation: 

a.  Vertical  shearing  planes  exist  adjacent  to  the  cradle  (or  con- 
duit if  no  cradle).  The  shearing  plane  is  taken  adjacent  to 
the  cradle  because  the  total  load  on  the  cradle  is  to  be  evalu- 
ated. The  additional  load  on  the  cradle  is  required  to  evalu- 
ate the  additional  settlements  in  the  interior  prism  belov  the 
conduit . 

b.  Cohesion  is  negligible. 

c.  The  magnitude  of  the  shearing  stresses  is  equal  to  the  active 
lateral  pressure  at  the  vertical  shearing  planes  multiplied  by 
the  tangent  of  the  angle  of  internal  friction  of  the  embank- 
ment material. 

d.  The  weight  of  the  embankment  material  above  the  top  of  the  con- 
duit produces  a uniform  vertical  pressure  over  the  entire  width 
of  the  interior  prism. 

e.  The  load  on  any  horizontal  differential  element  in  the  interior 
prism  below  the  bottom  of  the  conduit  is  a uniform  vertical 
pressure  over  the  entire  width  of  the  interior  prism. 

f.  The  shear  at  the  sides  of  the  interior  prism  is  distributed  as 
uniform  vertical  pressure  (by  virtue  of  internal  friction  in 
the  embankment  or  foundation  materials)  over  the  entire  width 
of  the  interior  prism. 

g.  The  shear  at  the  sides  of  the  exterior  prism  is  distributed  as 
uniform  vertical  pressures  throughout  the  embankment  and  foun- 
dation in  the  infinitely  wide  exterior  prism  and  its  effect  on 
the  consolidation  in  the  exterior  prism  may  be  neglected. 

h.  The  embankment  and  foundation  materials  have  constant  moduli  of 
consolidation. 

i.  The  weight  of  the  conduit  and  cradle  are  neglected. 

j.  One  mathematical  approximation  is  made  in  the  derivation  for 
Case  c and  two  mathematical  approximations  are  made  for  Case  d. 


Symbols 

The  following  additional  symbols  are  used  in  the  derivation: 

b = bottom  width  of  cradle,  ft.  When  no  cradle  is  used, 
b = bc  = outside  width  of  conduit,  ft 

H<L  = distance  between  the  top  of  the-  conduit  and  the  upper  plane 
of  equal  settlement  when  the  interior  prism  has  a width  b 
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p»  = vertical  pressure  on  a horizontal  plane  within  the  interior 
prism  when  the  embankment  height  is  equal  to  or  less  than 
the  height  of  equal  settlement,  lbs/ft  length  of  conduit 

P"  = additional  vertical  pressure  on  a horizontal  plane  within  the 
interior  prism  due  to  the  weight  of  the  material  above  the 
plane  of  equal  settlement,  lbs/ft  length  of  conduit 

E = modulus  of  consolidation  of  the  embankment  material,  tons/ ft2 

Ep  = modulus  of  consolidation  of  the  foundation  material,  tons/ ft2 

$p  = angle  of  internal  friction  of  the  foundation  material 

l_Lp  = tangent  of  the  angle  of  internal  friction  <i>p  for  the  foundation 
material 

Kp  = ratio  at  a point  of  active  lateral  pressure  to  vertical  pres- 
sure on  the  foundation  material 

7p  = unit  weight  of  foundation  material,  lbs/ft3 

H j?  = distance  between  the  bottom  of  the  cradle  and  the  lower  plane 
of  equal  settlement,  ft.  When  no  cradle  is  used,  it  is  the 
distance  between  the  bottom  of  the  conduit  and  the  lower 
plane  of  equal  settlement. 

Hp  = distance  between  the  bottom  of  the  cradle  and  the  nonyielding 
foundation  material,  ft.  When  no  cradle  is  used,  it  is  the 
distance  between  the  bottom  of  the  conduit  and  the  nonyield- 
ing foundation  material. 

fbc  = vertical  distance  between  the  natural  ground  line  in  the  ex- 
terior prism  and  the  bottom  of  the  cradle  (or  the  bottom  of 
the  conduit  if  no  cradle  is  used),  ft 

a " b 

2Kppp 

a-p  = z 
1 b 


Cases 


The  four  cases  represented  by  the  drawings  shown  on  ES-115,  page  3-47 
will  be  considered  separately. 

Case  a.  Value  of  S for  conduits  resting  on  rock  foundation 

When  the  conduit  and  embankment  are  on  nonyielding  foundation,  the  values 

of  Sg,  sc,  and  sp  are  zero.  Thus  by  Eq.  1-3 


(c-i) 
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Case  b . Value  of  5 for  conduits  resting  on  rigid  support  with,  com- 
pressible adjacent  foundation  and  embankment  materials. 

When  the  conduit  is  on  nonyielding  foundation,  the  values  of  sf  and  sc 
are  zero. 


6 = 


( Sm  + Sg) 


s 


m 


1 + 


Sm 


The  additional  consolidation  sm  of  the  adjacent  material  between  the  top 
of  the  conduit  and  the  natural  ground  is  that  consolidation  due  to  the 
additional  load.  The  additional  load  is  the  weight  of  the  embankment 
between  H = Hc  and  H = 11^.  (See  assumption  g.) 


7(HC  - H^) 

Sm  ~ g pbc 


(C-2) 


Similarity,  the  additional  consolidation  s ..  of  the  material  between  the 
natural  ground  and  the  bottom  of  the  cradle  is  (see  assumption  g) 


7f(Hc  - H4) 
S6  Ef 


fbc 


(c-3) 


On  substituting  these  values  of  and  Sg,  obtain 


8 = 1 + 


If  _E  f 
7 Ef  P 


(C-4) 


Case  c . Determination  of  the  settlement  ratio  5 when  the  foundation 
material  below  the  top  of  the  conduit  is  homogeneous  material  of  suffi- 
cient depth. 

By  Eq.  1-3  when  sc  = 0,  the  value  of  5 for  rigid  conduits  is 


5 = 


sm  + sg  sf 


m 


(c-5) 


But  by  definition  the  upper  plane  of  equal  settlement  is  the  lowest 
horizontal  plane  at  which  the  additional  settlement  at  the  plane  for 
the  top  of  the  interior  prism  is  equal  to  the  settlement  at  the  plane 
for  the  exterior  prism,  i.e., 

sf  + \i  = Sg  + \e  + ^ (C-6) 

The  evaluation  of  s^,  Sg,  sm,  and  \e  is  made  later. 

Lower  plane  of  equal  settlement.  In  the  derivation  of  5 for  this  case, 
a lower  plane  of  equal  settlement  is  recognized.  At  this  plane  the  in- 
tensities of  pressure  of  the  interior  prism  are  equal  to  those  of  the 
exterior  prism.  Furthermore,  the  additional  consolidation  of  every  por- 
tion of  each  horizontal  plane  below  this  plane  of  equal  settlement  are 
equal.  When  loads  are  transferred  into  the  upper  interior  prism,  loads 


are  transferred  out  of  the  lower  interior  prism.  Thus,  shearing  forces 
of  the  upper  interior  prism  are  oppositely  directed  from  those  of  the 
lower  interior  prism.  The  additional  consolidation  in  the  interior 
prism  is  equal  to  the  additional  consolidation  in  the  exterior  prism 
between  the  upper  and  lower  planes  of  equal  settlement  when  a rigid  con- 
duit is  installed.  Hence, 


+ sm  + ^-e  • • • • - (C-7) 

The  evaluation  of  X involves  the  summation  of  the  additional  consolida- 
tions resulting  from  the  variable  additional  pressures  of  each  hori- 
zontal differential  element.  These  pressures  are  evaluated  next.  The 
top  sign  in  all  of  the  following  expressions  pertains  to  the  projection 
condition  and  the  bottom  sign  pertains  to  the  ditch  condition. 

Expressions  for  P*-!  and  P^'.  Equating  the  vertical  forces  on  the  differ- 
ential element  AH  (see  Fig.  C-l)  for  the  interval  (Hc  — H^)  < H < Hc. 

H T aP  = 7b (C-8) 

where  P = P!  + P" 

For  the  interval  (Hc  + pbc  + fbc)  < H < (Hc  + pbc  + fbc  + Hg ) 
r)P 

tg  * afP  = rfb  (c-9) 

On  observing  the  existence  of  the  plane  of  equal  settlement  and  since 
Eq.  C-8  is  a linear  homogeneous  differential  equation,  it  may  be  written 
in  two  components. 

T aP-  = 7b (C-8a) 

§7  T aP"  = 0 (C-8b) 

and  similarly  Eq.  C-9  is  written 

dp} 

± afp£  = 7fb • (C-9a) 

dp" 

sr  * afpi  = 0 (c-9b) 

The  general  solution  of  Eq.  C-8b  is 

±aH 

p"  = c e (C-10a) 


where  c is  an  arbitrary  constant. 
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< 


Fig.  C-l 
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When  H = Hc  - H<L,  P"  = 7b  (Hc  — H^),  the  value  of  c is 

C = 7b(Hc  — H^)  e (C-lOb) 

At  the  top  of  the  conduit  H = Hc  and  Pn  = p". 

P”  = rb(Hc  - Hg)  e±afi" (C-ll) 

where  P"  = additional  vertical  pressure  on  a horizontal  plane  at  the 
top  of  the  conduit 

The  general  solution  of  Eq.  C~9b  is 

Pj  = ce  .................  (C-12a) 

where  c is  an  arbitrary  constant. 

When  H = Hc  + pbc  + fbc,  then  P^  = P",  the  value  of  c is 

1 jaH^  + af(Hc  + pbc  + fbc )1 

c = 7b(Hc  - H4)  e J (C-12b) 


At  the  lower  plane  of  equal  settlement  H=HP  + pb0  + fh„  + Bh  and 

pH  - p"  Z 

„ , ..  ±(aH£-afHt) 

= 7fb(Hc  - H^)  e ........  (c-13) 

where  P^1  = additional  vertical  pressure  on  a horizontal  plane  at  the 
lower  plane  of  equal  settlement 

Expressions  for  \q,  and  \j_.  The  differential  equation  express- 

ing the  additional  consolidation  in  the  interior  prism  is 

P" 

= k 411 


Substituting  the  value  of  P"  previously  determined  (see  Eqs.  C-8a  and 
C-8b) 


= 1 (Hc  - 4)e 


±a|^H  (Hc 


The  general  solution  is 


n = | (hc  - h;) 


fa(Hc  - H£) 


_1_ 

±a 


±aH  > 

e + c) 


. (C-l4a) 


where  c is  an  arbitrary  constant. 

When  H = Hc  — then  = 0,  and  the  value  of  c is 


c = -e 


±a(Hc  - h£) 


(C-lkb) 
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The  total  additional  consolidation  in  the  interior  prism  \j_  between 
H = Hc  — and  H = Hc  is 


7-i 


7(HC  - Hi)  taH> 

c , ~ (e  1) 


(C-15) 


The  additional  consolidation  in  the  exterior  prism  Xe  for  the  interval 
(Hc  ~ H^)  < H < Hc  is 


7(HC  - H^) 

e 


Hi 


(C-16) 


The  differential  equation  expressing  the  additional  consolidation  in  the 
lower  interior  prism  \ ^ is 

Substituting  the  value  of  P^1  previously  determined,  Eqs.  C-9a  and  C-9b, 
the  general  solution  is 


, _ n(Hc-He)  «[aa4  + af(Hc  + pbc  + #bc)] 


M = 


Eh 


1 , TafH  V 

(e  + c) 


Ta 


. . . . (C-17a) 


where  c is  an  arbitrary  constant. 

When  H = Hc  + pbc  + ifac,  then  \[  = 0,  and  the  value  of  c is 

Taf(Hc  + pbc  + tbc) 


c = -e 


. (C-17b) 


The  total  additional  consolidation  in  the  lower  interior  prism  between 
H = Hc  + pbc  + fbc  and  H = Hc  + pbc  + fbc  + H£  is 


, < _ yf(Uc p a - e ?afHt ) 

±afEf  e i.  e i 


(c-18) 


The  additional  consolidation  \'Q  in  the  lower  exterior  prism  is 
, 7f  (Hc  - 4) 


^e 


E. 


(H£  + fbc) 


(C-l 9) 


The  additional  settlement  sm  of  the  material  adjacent  to  the  conduit  is 

7(HC  - X'e) 


Sm  — 


E 


pb. 


(C-2) 


The  expression  for  H^.  The  expression  for  is  obtained  by  substituting 
the  evaluations  of  X-  and  previously  determined,  Eqs.  C-15  and  C-l6, 
into  Eq.  C-6. 


7(HC  - K^)  *aHg 


s -f*  + 


±aE 


( e - 1)  = s~  + sm  + 


7(HC  - H^) 
E 
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Rearranging  and  using  Eq.  l-~5,  6sm  = sm  + sr.  — Sp 


7(HC  - 4)  ?(Hc  - 4) 


E 


pb.  = 


(e±aHe-  i)  - 


±aE 


7(HC  - 4) 


E He 


which  reduces  to 

±aHl  , S 

6 — 1 = ±a5pbc  ± aH0 


or 

e±aH^  T aHg  - ±a5pbc  + 1 ..........  . (C-20) 

This  relation  evaluates  the  position  of  the  plane  of  equal  settlement 
for  the  conduit  and  cradle 0 This  relation  differs  from  Eq.  1-4  which 
evaluates  the  plane  of  equal  settlement  for  the  conduit. 

Expression  for  Hg . By  definition  the  location  of  the  lower  plane  of 
equal  settlement  is  determined  by  observing  that  the  additional  vertical 
pressure  at  the  lower  plane  of  equal  settlement  is  equal  to  the  addi- 
tional vertical  pressure  at  the  upper  plane  of  equal  settlement. 


7(HC  - 4)b  = 7fb(Hc 


- 4)  e 
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Expression  for  evaluation  of  5.  Substituting  the  evaluations  of  sm, 
X±,  Xe,  X±,  and  Xre  as  given  by  Eqs.  C-2,  C-15*  C-l 6,  C-l8,  and  C-19 
into  Eq.  C-7j  obtain 
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Multiplying  by  — and  substituting  Eqs.  C-20  and  C-23,  obtain  on 
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By  approximating  the  last  term  to  be  negligible  (i.e.,  — = l)  obtain 
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Equation  C-25  gives  the  expression  for  5 when  the  foundation  material  is 
homogeneous  for  a sufficiently  great  depth.  The  depth  Hp  is  sufficiently 
great  if 


% * Hi 

or  from  Eq.  C-23 
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Case  d.  Determination  of  the  settlement  ratio  5 when  the  foundation 
material  is  shallow  (Hp  < ) 

The  additional  settlements  of  the  interior  prism  and  exterior  prisms  for 
Case  d at  H = H + (p  + ^)bc  + Hp  are  equal.  By  the  definition  of  the 
plane  of  equal  settlement,  the  additional  consolidations  in  the  interior 
prism  and  exterior  prisms  between  the  plane  of  equal  settlement  and  the 
nonyielding  foundation  are  equal. 
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This  results  in  the  relation 


^i  + + ^e 


The  evaluations  of  the  terms  sm,  and  \e  are  given  by  Eqs.  C-2,  C-15, 
and  C-l6.  The  evaluations  of  and  Xq  are  obtained  by  substituting  Hp 
for  H ^ in  Eqs.  C-l8  and  C-19.  Making  these  substitutions,  obtain 
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THE  STRUCTURAL  DESIGN  OF  UNDERGROUND  CONDUITS 


The  objectives  of  this  Technical  Release  are  (a)  to  present  the  subject 
of  loads  on  underground  conduits  and  their  supporting  strengths,  and 
(b)  to  furnish  working  aids  and  procedures  for  the  computation  of  loads 
and  strengths.  The  scope  of  the  subject  is  limited  to  phases  which  per- 
tain to  the  needs  of  the  Soil  Conservation  Service.  Some  phases  of  the 
subject  are  relatively  new  and  further  experience  and  knowledge  may  re- 
sult in  revisions  of  the  release  from  time  to  time. 

This  Technical  Release  has  been  written  by  Messrs.  Gerald  E.  Oman  and 
Paul  D.  Doubt.  Mr.  M.  M.  Culp  recommended  the  values  used  for  Xp  for 
cradles  and  proposed  the  method  of  constructing  Type  B1  beddings.  Mr. 
Doubt  developed  the  theory  and  procedure  for  evaluating  the  settlement 
ratio  8.  Messrs.  H.  J.  Goon,  Richard  M.  Matthews,  Norman  P.  Hill,  and 
A.  R.  Gregory  assisted  in  the  preparation  of  this  release.  Mrs.  Joan 
Robison  typed  the  manuscript.  This  work  was  done  under  the  general 
administrative  direction  of  Mr.  M.  M.  Culp,  Chief,  Design  and  Con- 
struction Branch,  and  Mr.  Paul  D.  Doubt,  Head,  Design  Section. 
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NOMENCLATURE 


2KfHf 

af  = “1T~ 

b = bottom  -width  of  cradle  or  rigid  bedding,  ft  (b  ^ bc) 

bc  = outside  width  of  conduit,  ft 

ba  = width  of  ditch  at  the  top  of  the  conduit,  ft 

b^  = value  of  the  width  of  ditch  at  which  the  load  on  a conduit  as  com- 
puted by  the  ditch  conduit  formula  is  equal  to  the  load  on  the 
conduit  as  computed  by  the  positive  projecting  conduit  formula,  ft 

Cq  = load  coefficient  for  ditch  conduits 

Cn  = load  coefficient  for  negative  projecting  conduits,  ditch  condition 

Cp  = load  coefficient  for  positive  projecting  conduits 

c = distance  from  the  neutral  axis  to  the  outer  fiber 

D = load  per  foot  of  diameter  per  foot  length  of  pipe  for  the  three - 

edge  bearing  test 

d = inside  diameter  of  pipe,  inches 
E*  = Young’s  modulus  of  elasticity 

E = modulus  of  consolidation  of  the  embankment  or  backfill  material, 
tons/ft2 

Ep  = modulus  of  consolidation  of  the  foundation  material,  tons/ft2 
e = 2.7183  = base  of  natural  logarithms 

fec  = maximum  fiber  stress  in  a pipe  having  a given  load  which  produces 
0.01-inch  crack  in  a R/C  pipe  or  ultimate  fiber  stress  for  other 
types  of  pipes,  lbs/ft2 

feb  = maximum  fiber  stress  for  three-edge  bearing  load  of  Reb^  lbs/ft2 
fs  = allowable  stress  in  reinforcing  steel 
1 . 731  Reb 

Fg-p  = 2 = provided  strength  factor 

S7bc 

Fsr  = CpXp  — KT  = required  strength  factor 

H = for  the  -complete  condition- -vertical  distance  from  top  of  backfill 

to  a horizontal  element  of  fill  material  having  a height  of  dH,  ft 
for  the  incomplete  condition-vertical  distance  from  plane  of  equal 
settlement  to  a horizontal  element  of  fill  material  having  a 
height  dH,  ft 

Hc  = vertical  distance  from  top  of  backfill  or  embankment  to  top  of  con- 
duit, ft 

Hca  = allowable  vertical  distance  from  top  of  backfill  or  embankment  to 
top  of  conduit,  ft 
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He  = vertical  distance  from  the  plane  of  equal  settlement  to  top  of  con- 
duit, ft 

Hq  = distance  between  the  top  of  the  conduit  and  the  upper  plane  of 
equal  settlement  when  the  interior  prism  has  a width  b 

Ef  = distance  between  the  bottom  of  the  cradle  or  rigid  bedding  (bottom 
of  the  pipe  if  no  cradle  or  rigid  bedding  is  used)  and  the  non- 
yielding foundation 

= distance  between  the  bottom  of  the  cradle  and  the  lower  plane  of 

equal  settlement,  ft.  When  no  cradle  is  used,  it  is  the  distance 
between  the  bottom  of  the  conduit  and  the  lower  plane  of  equal 
settlement . 

h = vertical  distance  from  any  point  in  the  embankment  to  the  upper 
surface  of  the  fill,  ft 

I = moment  of  inertia,  in4 

K = ratio  at  a point  of  active  lateral  pressure  to  vertical  pressure 
for  the  backfill  or  embankment  material 

Kf  = ratio  at  a point  of  active  lateral  pressure  to  vertical  pressure 
for  the  foundation  material 

Lp  = load  factor 

Ai  = length  of  a differential  element  of  the  pipewall  (see  Fig.  B-2, 
page  B-3) 

M = moment  with  upper  case  subscripts  denoting  location 

N = bursting  pressure  of  the  pipe,  lbs/in2 

P = total  vertical  pressure  on  a horizontal  plane  within  the  interior 
prism,  lbs/ft  length  of  pipe 

P1  = vertical  pressure  on  a horizontal  plane  within  the  interior  prism 
when  the  embankment  height  is  equal  to  the  height  of  equal 
settlement,  lbs/ft  length  of  pipe 

P"  = additional  vertical  pressure  on  a horizontal  plane  within  the  in- 
terior prism  due  to  the  weight  of  the  material  above  the  plane 
of  equal  settlement,  lbs/ft  length  of  pipe 

Pc  = total  vertical  pressure  in  the  width  b^  at  the  top  of  the  conduit, 
lbs/ft  length  of  pipe 

p = intensity  of  lateral  pressure,  lbs/ft2 

pp  = internal  pressure  in  a pipe,  lbs/in2 

R = reaction  with  upper  case  subscripts  denoting  location 

Rc  = supporting  strength  of  pipe  for  a stated  load  pattern,  lbs/ft 
length  of  pipe 

Rq  = safe  supporting  strength  of  pipe,  lbs/ft  length  of  pipe 

Rgb  = supporting  strength  of  pipe  for  three-edge  bearing  load,  lbs/ft 
length  of  pipe 
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value  of  the  reduced  supporting  strength  of  a pipe  having  positive 
internal  pressure,  lbs/ft  length  of  pipe.  It  is  used  in  support- 
ing strength  formulas  in  place  of  the  three-edge  bearing  strength 

^eb  • 

mean  radius  of  pipe,  ft 
allowable  shearing  stress,  lbs/ in2 
a safety  factor 

additional  deformation  of  the  conduit,  ft  (positive  and  negative 
projecting  conduits) 

additional  consolidation  of  the  backfill  material  between  the  top  of 
the  conduit  and  the  critical  plane  (negative  projecting  conduits) 

additional  settlement  of  the  bottom  of  the  conduit  (i.e.,  the  sur- 
face of  the  natural  ground  beneath  the  conduit)  due  to  the  con- 
solidation of  the  foundation,  ft  (positive  and  negative  projecting 
conduits ) 


additional  settlement  of  the  natural  ground  surface  below  the  ex- 
terior prism  due  to  the  consolidation  of  the  foundation,  ft 
(positive  and  negative  projecting  conduits) 


additional  consolidation  of  the  embankment  material  between  the 
critical  plane  and  the  natural  ground  surface  in  the  exterior 
prism,  ft  (positive  projecting  conduits) 


= a parameter  used  in  expressing  active  lateral  earth 
pressure 


thickness  of  pipewall,  ft 


2KpF 


sp_ 


KqKp^Xa 
TP 


+ 


it* 


X. 


total  vertical  load  on  the  top  of  an  underground  conduit,  lbs/ft 
length  of  conduit 

a function  of  the  projection  onto  a vertical  plane  of  the  area  of 
the  pipe  over  which  the  lateral  loads  are  assumed  to  be  distributed 


a function  of  the  distribution  of  the  vertical  load  and  vertical 
reaction 


a factor  (Eq.  B-12,  page  B-7) 

distance  from  the  neutral  axis  to  a differential  element  in  the  pipe- 
wall 


a factor  (Eq.  B-13,  page  B-7) 


one -half  of  the  central  angle  subtended  by  the  arc  of  the  pipe  over 
which  no  lateral  loads  are  acting  on  the  pipe 

one-half  of  the  central  angle  subtended  by  the  arc  of  the  pipe  over 
which  the  upward  vertical  reactions  are  acting 

unit  weight  of  backfill  or  embankment  material,  lbs/ ft3 
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unit  weight  of  the  foundation  material,  lbs/ft3 
(sm  + sg)  - (sf  + sc) 


m 

unit  strain 
s - (sc  + sf  + sd) 


= settlement  ratio  for  positive  projecting 
conduits 


= settlement  ratio  for  negative  projecting 
conduits 


angle  used  in  deriving  Eq.  B-8  (see  Fig.  B-4-,  page  B-5) 
pK  /He  P | 


lbc  + 2; 


= ratio  of  total  lateral  load  to  total  vertical  load 


additional  consolidation  of  the  embankment  material  in  the  exterior 
prism  between  the  critical  plane  and  the  plane  of  equal  settle- 
ment, ft  (positive  projecting  conduits) 


additional  consolidation  of  the  embankment  material  in  the  interior 
prism  between  the  top  of  the  conduit  and  the  plane  of  equal 
settlement,  ft  (positive  projecting  conduits) 


additional  consolidation  of  the  embankment  material  in  the  exterior 
prism  between  the  natural  ground  and  the  plane  of  equal  settle- 
ment, ft  (negative  projecting  conduits) 


additional  consolidation  of  the  embankment  material  in  the  interior 
prism  between  the  critical  plane  and  the  plane  of  equal  settle- 
ment, ft  (negative  projecting  conduits) 

tan  4>  = tangent  of  the  angle  of  internal  friction  of  the  backfill 
or  embankment  material 

tangent  of  the  angle  of  sliding  friction  between  the  backfill 
material  and  the  material  in  the  ditch  wall 


tan  = tangent  of  the  angle  of  internal  friction  of  the  founda- 
tion material 


angle  of  rotation  (see  Fig.  B-4,  page  B-5) 

projection  ratio  for  positive  projecting  conduits  = ratio  of  the 
distance  between  the  natural  ground  surface  and  the  top  of  the 
conduit  (when  Hc  = 0)  to  the  outside  width  of  the  conduit 

projection  ratio  for  negative  projecting  conduits  = ratio  of  the 
distance  between  the  natural  ground  surface  and  the  top  of  the 
conduit  (when  Hc  = 0)  to  the  width  of  the  ditch  bd 

unit  stress 


angle  of  internal  friction  of  the  backfill  or  embankment  material 

angle  of  internal  friction  of  the  foundation  material 

ratio  of  the  distance  fbc  (ES-11^,  page  3-h-l)  to  the  outside  width 
of  the  conduit 
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TECHNICAL  RELEASE 
NUMBER  5 

THE  STRUCTURAL  DESIGN  OF  UNDERGROUND  CONDUITS 


The  structural  design  of  any  structure  requires  a determination  of  the 
loads  on  the  structure  and  the  proportioning  of  the  structure  to  resist 
the  loads.  An  understanding  of  the  structural  design  of  underground 
conduits  is  facilitated  by  dividing  the  subject  into  the  following 
chapters : 

Chapter  1 - Loads  on  Underground  Conduits 
Chapter  2 - Supporting  Strength  of  Conduits 

Although  the  structure  can  be  designed  by  the  use  of  these  two  divisions, 
a third  chapter  is  added  to  facilitate  the  solution  of  positive  project- 
ing conduit  design  problems.  It  also  contains  examples  and  charts. 

Messrs.  Anson  Marston,  M.  G.  Spangler,  and  W.  G.  Schlick  of  the  Iowa  En- 
gineering Experiment  Station,  Iowa  State  College,  have  developed  the 
theory  and  performed  the  research  on  which  this  technical  release  is 
based.*  This  is  a compilation  of  their  theory  and  data  for  use  by  the 
Soil  Conservation  Service.  Their  analysis  has  been  rearranged  and  addi- 
tional charts  have  been  prepared. 

Since  most  conduits  designed  by  engineers  of  the  Soil  Conservation  Ser- 
vice will  be  classed  as  ditch  conduits  or  positive  projecting  conduits, 
only  these  two  classes  are  considered  in  Chapters  1 and  3*  The  deriva- 
tion of  load  equations  for  ditch  conduits,  positive  projecting  conduits, 
negative  projecting  conduits,  and  ditch  conduits  with  compacted  backfill 
is  given  in  Appendix  A.  A brief  discussion  of  other  classes  is  also 
given  in  Appendix  A. 

The  supporting  strength  of  rigid  circular  conduits  is  considered  in 
Chapters  2 and  3.  Appendix  B gives  the  derivation  of  the  supporting 
strength  formulas  for  rigid  circular  pipes.  The  method  of  design  for 
concrete  monolithic  box  culverts  is  given  in  the  National  Engineering 
Handbook,  Section  6,  Structural  Design. 

The  design  of  the  usual  underground  conduit  installations  may  be  accom- 
plished without  a complete  understanding  of  the  subject  by  the  use  of 
the  procedure  charts  and  computation  aids  given  in  the  ES  drawings, 
pages  3-37  to  3-87. 

CHAPTER  1 - LOADS  ON  UNDERGROUND  CONDUITS 


A classification  of  conduits  based  on  the  sets  of  factors  listed  below 
is  required  for  load  determinations.  The  manner  in  which  these  factors 
are  used  to  classify  underground  conduits  is  given  in  ES-116,  page  3-53 • 


*Numerical  references  refer  to  the  bibliography  following  page  C-12. 
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Construction  Methods 

The  term  construction  methods  is  used  for  classification  purposes  only. 

It  includes  site  conditions  and  design  requirements,  as  well  as  con- 
struction methods,  and  involves 

1.  The  width  of  the  ditch  (sometimes  infinitely  wide)  in  which 
the  conduit  is  placed; 

2.  The  compressibility  of  the  backfill  relative  to  the  compressi- 
bility of  the  earth  in  which  the  ditch  was  excavated; 

3.  The  compressibility  of  the  materials  on  which  the  conduit  rests 
relative  to  the  adjacent  foundation  materials; 

k.  The  elevation  of  the  top  of  the  backfill  or  embankment  relative 
to  the  natural  ground  line; 

5.  The  elevation  of  the  top  of  the  conduit  with  respect  to  the 
natural  ground  line;  and 

6.  The  compressibility  of  the  material  directly  above  the  conduit 
relative  to  the  compressibility  of  the  adjacent  material. 

This  set  of  factors  is  used  to  determine  whether  the  conduit  is  classed 
as  a ditch  conduit,  a positive  projecting  conduit,  a negative  project- 
ing conduit,  a ditch  conduit  with  dense  backfill,  an  imperfect  ditch 
conduit,  or  a conduit  on  compressible  bedding. 

Relative  Settlements 

The  term  relative  settlements  means  the  settlement  of  the  top  of  the  con- 
duit relative  to  the  settlement  of  the  critical  plane.  This  involves 

l.  Deformation  of  the  conduit;  and 

2.  Settlements  or  consolidations  of  the  backfill,  embankment,  and 
foundations.  These  depend  on  the  soil  characteristics. 

This  set  of  factors  is  used  to  determine  whether  the  positive  projecting 
conduit  or  the  negative  projecting  conduit  is  classed  as  the  ditch  con- 
dition or  the  projection  condition. 

Relative  Height  of  Embankment 

The  term  relative  height  of  embankment  means  the  height  of  embankment 
relative  to  the  height  of  the  plane  of  equal  settlement.  This  factor 
is  used  to  determine  whether  the  conduit  is  classed  as  the  complete  con- 
dition or  the  incomplete  condition. 

Loads  on  Ditch  Conduits 

When  a conduit  is  placed  in  a ditch  and  covered  with  backfill  material, 
the  backfill  material  tends  to  settle  downward.  This  tendency  of  the 
backfill  material  above  the  top  of  the  conduit  to  move  produces  vertical 
friction  forces  or  shearing  stresses  along  the  sides  of  the  ditch. 

These  shearing  stresses  give  support  to  the  backfill  material.  (See 
Fig.  1-1.) 
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The  proportion  of  the  total  vertical  pressure  that  is  carried  by  the  con- 
duit will  depend  on  the  relative  rigidity  of  the  conduit  and  of  the  fill 
material  between  the  sides  of  the  conduit  and  the  sides  of  the  ditch. 

For  rigid  pipes  (see  footnote,  page  2-1 ) such  as  clay,  concrete,  or  cast- 
iron  pipe,  the  side  fills  may  be  relatively  compressible  and  the  pipe  it- 
self will  carry  practically  all  of  the  load.  If  the  pipe  is  a relatively 
flexible  thin-walled  pipe  and  the  side  fills  have  been  thoroughly  tamped, 
the  load  on  the  conduit  will  be  reduced  by  the  amount  of  load  the  side 
fills  carry. 


Fig.  1-1  Ditch  conduit 


The  total  vertical  load  on  rigid  ditch  conduits  with  relatively  com- 
pressible side  fills  is 

Wc  = Cd7bd2 

1 _ e-2KM'(Hc/bd) 

where  Cd  = (l-la) 

Wc  = total  vertical  load  on  the  top  of  the  underground  conduit, 
lbs/ ft  length 

Cd  = load  coefficient  for  ditch  conduits 

b^  = width  of  the  ditch  at  the  top  of  the  pipe,  ft.  The  width 
of  the  ditch  bd  is  the  actual  width  of  a vertical  walled 
ditch  in  which  the  pipe  is  installed.  When  the  ditch  is 
constructed  with  sloping  sides  or  the  conduit  is  placed 
in  a subditch  at  the  bottom  of  a wider  ditch,  experi- 
mental results  indicate  that  the  proper  width  bd  is  at 
or  slightly  below  the  top  of  the  conduit  (see  ES-1L4-, 
page  3-41. 

p = tangent  of  the  angle  of  internal  friction  of  the  backfill 
material 


K = — }===== ^ = ratio  at  a point  of  active  lateral  pressure 

VP2  + 1 + p to  vertical  pressure 


(i-i) 
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M- * is  the  tangent  of  the  angle  of  sliding  friction  between  the 
backfill  material  and  the  material  in  the  ditch  wall. 
is  the  value  of  q for  the  material  in  which  the  ditch  is 
dug  if  the  excavated  material  is  used  for  backfill.  When 
the  backfill  material  differs  from  the  material  in  the 
ditch  walls,  the  smaller  of  the  two  values  of  p for  these 
two  materials  should  be  used  for  the  value  of  qr  . 

7 = unit  weight  of  the  backfill  material,  lbs/ft1 2 3 4 5 

e = 2.7183  = base  of  Naperian  logarithms 

Hc  = vertical  distance  from  top  of  backfill  to  top  of  conduit,  ft 


The  total  vertical  load  Wc  on  flexible  pipes  with  thoroughly  compacted 
side  fills  is 

wc  = Cd7bcba (1-2) 


where  bc  = outside  width  of  the  conduit,  ft 

The  above  formulas  will  give  maximum  vertical  loads  to  be  expected  on 
ditch  conduits  throughout  the  life  of  the  structure  if  the  proper  physi- 
cal factors  involved  in  their  solution  have  been  selected. 


Loads  on  Positive  Projecting  Conduits 

In  the  discussion  of  loads  on  positive  projecting  conduits,  several  terms 
are  used  (see  Fig.  2-2) 

1.  The  interior  prism  is  that  prism  of  embankment  which  is  bounded 
by  the  critical  plane  at  the  top  of  the  conduit,  the  plane  of 
equal  settlement,  and  the  vertical  planes  which  are  tangent  to 
the  sides  of  the  conduit. 

2.  The  exterior  prisms  are  the  two  masses  of  embankments  exterior 
to  the  conduit  and  having  for  their  boundaries  the  vertical 
tangent  planes,  the  natural  ground,  and  the  plane  of  equal 
settlement . 

3.  The  critical  plane  is  that  film  of  particles  of  embankment  ma- 
terials which  was  originally  lying  in  the  horizontal  flat  plane 
at  the  top  of  the  conduit  when  Hc  = 0. 

4.  The  plane  of  equal  settlement  is  that  film,  of  particles  of  em- 
bankment materials  which  lies  in  the  lowest  horizontal  plane 
that  remains  as  a plane  as  settlement  takes  place.  This  neces- 
sitates that  the  settlement  of  a particle  of  embankment  at  any 
elevation  above  the  interior  prism  will  be  equal  to  the  settle- 
ment of  any  particle  having  the  same  elevation  above  the  ex- 
terior prism.  Thus,  there  are  no  vertical  shearing  forces 
existing  between  particles  of  embankment  materials  above  the 
plane  of  equal  settlement. 

5.  The  projection  ratio  p is  the  ratio  of  the  distance  between  the 
natural  ground  surface  adjacent  to  the  conduit  (when  Hc  = 0) 
and  the  top  of  the  conduit  (when  Hc  = 0)  to  the  outside  width 
of  the  conduit. 
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6.  Deformation,  consolidation,  and  settlement.  It  "will  be  impor- 
tant to  differentiate  between  the  meaning  of  the  words  deforma- 
tion, consolidation,  and  settlement.  Deformation  is  the  change 
in  the  length  of  structural  materials  due  to  stress.  The  word 
deformation  is  reserved  here  to  denote  the  change  in  the  verti- 
cal dimension  of  the  conduit.  If  the  conduit  is  rigid  the 
deformation  of  the  conduit  is  assumed  to  be  negligible  or  zero. 
Consolidation  is  the  change  in  the  vertical  length  of  embank- 
ment or  foundation  materials  caused  by  loads  above  the  mate- 
rials. It  is  used  exactly  in  the  same  sense  as  deformation  ex- 
cept the  word  deformation  is  reserved  for  structural  materials 
and  consolidation  is  reserved  for  embankment  and  foundation 
materials.  Settlement  is  the  change  in  elevation  of  a particle 
of  embankment  or  foundation  material  as  a result  of  consolida- 
tion of  materials  or  deformation  of  structures  below  the 
particle . 


Fig.  1-2  Basic  case  for  considering  the  action 
of  an  embankment  over  a positive  projecting  conduit 

7 • Additional  consolidations,  additional  deformations,  and  addi- 
tional settlements . The  weight  of  the  embankment  materials 
above  the  plane  of  equal  settlement  will  cause  consolidations 
and  deformations  in  addition  to  those  consolidations  and  defor- 
mations due  to  the  weight  of  the  embankment  material  below  the 
plane  of  equal  settlement.  These  consolidations  and  deforma- 
tions (due  to  the  weight  of  the  material  above  the  plane  of 
equal  settlement)  will  be  referred  to  as  "additional  consoli- 
dations" and  "additional  deformations"  and  the  corresponding 
settlements  as  "additional  settlements."  The  convenience  of 
the  use  of  "additional"  instead  of  "total"  becomes  apparent  in 
the  derivation  of  load  formulas  (see  Appendix  A). 
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Elevation  at  Completion  of  Fill 


Fig.  1-3 


Settlements  which  influence  loads  on  positive  projecting  conduits 
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The  symbols  used  to  evaluate  the  additional  settlement  of  the  top  of  the 
exterior  prism  are  (see  Fig.  1-3) 

\e  = additional  consolidation  of  the  embankment  material  between  the 
critical  plane  and  the  plane  of  equal  settlement , ft 
sm  = additional  consolidation  of  the  embankment  material  between  the 
critical  plane  and  the  natural  ground  surface,  ft 
Sg  = additional  settlement  of  the  natural  ground  surface  below  the 

exterior  prism  due  to  the  consolidation  of  the  foundation,  ft 
sm  + sg  = additional  settlement  of  the  critical  plane,  ft 

The  symbols  used  to  evaluate  the  additional  settlement  of  the  top  of  the 
interior  prism  are 

= additional  consolidation  of  the  embankment  material  between 

the  top  of  the  conduit  and  the  plane  of  equal  settlement,  ft 
sc  = additional  deformation  of  the  conduit,  ft 

S-p  = additional  settlement  of  the  bottom  of  the  conduit  (l.e.,  the 

surface  of  the  natural  ground  beneath  the  conduit)  due  to  the 
consolidation  of  the  foundation,  ft 
sf  + sc  = additional  settlement  of  the  top  of  the  conduit,  ft 

8.  Settlement  ratio  5.  The  settlement  ratio  is  the  ratio  of  the 
difference  of  the  additional  settlement  of  the  top  of  the  con- 
duit and  the  additional  settlement  of  the  critical  plane  in  the 
exterior  prism  to  the  additional  consolidation  of  the  embankment 
material  below  the  critical  plane. 

(sm  + sg)  ~ (sf  + sC) 

sm  ^ 

The  value  of  5 determines  whether  the  projection  or  the  ditch 
condition  exists.  The  projection  condition  occurs  when  5 > 0. 
The  ditch  condition  exists  when  6 < 0. 

Projection  and  Ditch  Condition 

The  projection  condition  is  defined  as  the  condition  in  which  the  criti- 
cal plane  in  the  exterior  prism  settles  more  than  the  top  of  the  conduit 
(see  ES-116,  page  3_53  ) • When  this  condition  exists,  loads  are  trans- 
ferred from  the  exterior  prism  to  the  interior  prism.  It  is  obvious  that 
the  load  on  a conduit  for  the  projection  condition  is  always  greater  than 
the  weight  of  embankment  material  above  the  top  of  the  conduit. 

If  the  conduit  is  sufficiently  flexible,  the  settlement  of  the  top  of  the 
conduit  will  be  greater  than  the  settlement  of  the  critical  plane  in  the 
exterior  prism.  This  is  called  the  ditch  condition.  Since  loads  are 
being  transferred  from  the  interior  prism  to  the  exterior  prism,  the  load 
in  the  interior  prism  is  less  than  the  load  in  the  exterior  prism.  Again 
it  is  obvious  that  the  load  on  the  conduit  for  the  ditch  condition  is 
less  than  the  weight  of  the  embankment  material  above  the  conduit. 

A neutral  condition  exists  when  there  is  no  transfer  of  loads  between  the 
interior  and  exterior  prisms,  and  the  load  on  the  conduit  is  the  weight 
of  the  embankment  material  above  the  top  of  the  conduit. 
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The  relation  between  the  rigidity  of  the  conduit  and  the  degree  of  com- 
pressibility of  the  adjacent  fill  material  as  well  as  the  modulus  of 
consolidation  of  the  foundation  material  will  determine  whether  the 
ditch  condition  or  the  projection  condition  occurs  for  any  given  instal- 
lation. These  two  conditions  represent  subclassifications  of  projecting 
conduits  which  are  determined  by  relative  settlements  or  consolidations. 

It  is  important  to  observe  the  difference  of  the  meaning  in  the  unfortu- 
nate terminology  of  "ditch  conduits"  and  "ditch  conditions."  The  term 
"ditch  conduits"  pertains  to  a classification  of  underground  conduits 
based  on  construction  methods.  The  term  "ditch  condition"  pertains  to  a 
subclassification  of  projecting  conduits  based. on  relative  settlements. 

Likewise,  the  difference  between  the  terms  "projecting  conduits"  and 
"projection  condition"  should  be  understood.  The  term  "projecting  con- 
duits" (positive  or  negative)  pertains  to  a classification  of  under- 
ground conduits  based  on  construction  methods.  The  term  "projection 
condition"  pertains  to  a subclassification  of  projecting  conduits  based 
on  relative  settlements. 

Complete  and  Incomplete  Conditions 

The  complete  condition  exists  when  the  embankment  height  Hc  is  less  than 
or  equal  to  the  height  of  the  plane  of  equal  settlement  He  (see  ES-116, 
page  3~55).  The  shearing  stresses  between  the  interior  and  exterior 

Hc  He 

prisms  extend  completely  to  the  top  of  the  embankment.  Thus,  — ^ — . 

bc  bc 

The  incomplete  condition  exists  when  the  embankment  height  Hc  is  greater 
than  the  height  of  the  plane  of  equal  settlement  He.  The  shearing 
stresses  between  the  interior  and  exterior  prisms  do  not  extend  completely 

Hc  He 

to  the  top  of  the  embankment.  Hence,  — > — . It  is  possible  to  have 

dc  dc 

complete  and  incomplete  conditions  for  both  the  ditch  and  projection 
condition. 

Height  of  Equal  Settlement  He 

The  value  of  He  is  determined  for  two  reasons. 

He  Hc 

1.  The  comparison  of  : — values  with  - — values  define  whether  the 

bc  bc 

complete  or  incomplete  condition  exists. 

Hc  He 

When  : — ^ : — , the  complete  condition  exists. 
bc  bc 

Hc  He 

When  — > — , the  incomplete  condition  exists. 

He 

2.  The  value  of  — — is  required  to  determine  the  load  on  a project- 

bc 

ing  conduit  for  the  incomplete  condition. 

The  derivation  shown  in  Appendix  A in  the  determination  of  He  is  that 
originally  developed  by  A.  Marston.* 1 2 * 4  Marston’s  assumption  for 
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determining  He  yields  an  expression  which  gives  slightly  greater  values 
for  loads  on  conduits  than  those  assumptions  used  by  M.  G.  Spangler.9 

The  expression  for  the  determination  of  He  is 

±2Kn(He/bc)  . , , , . . 

e T 2Kq  (He/bc ) = ± 2Kp5p  +1 (1-4) 

The  solution  of  Eq.  1-4  is  facilitated  by  the  use  of  ES-117^  page  3~57* 
Load  Formulas  for  Positive  Projecting  Conduits 

(See  Appendix  A for  derivation).  The  equation  for  the  load  on  a positive 
projecting  conduit,,  complete  condition,  is 

W0  = cp7bc2 (1-5) 

where  the  load  coefficient  for  positive  projecting  conduits,  complete 
condition,  is 

±2KM-(Hc/bc ) 

CP  = ±2Kq 

In  Eq.  l-5a  the  top  sign  in  the  (±)  symbol  is  used  for  the  projection 
condition,  and  the  bottom  sign  is  used  for  the  ditch  condition.  This 
convention  applies  wherever  double  signs  appear. 

Since  Eqs.  1-5  and  l-5a  are  applicable  for  both  the  complete  ditch  con- 
dition and  the  complete  projection  condition,  they  may  be  used  to  deter- 
mine loads  on  both  rigid  and  flexible  conduits. 


(l-5a) 


The  equation  for  the  load  on  a positive  projecting  conduit,  incomplete 
condition,  is 

W0  = Cp7tc2 (1-6) 


where  the  load  coefficient  for  positive  projecting  conduits,  incomplete 
condition,  is 


C 


P 


±2KM(He/b.) 

e - 1 

±2Kp 


e 


±2Kn(He/bc) 


(l-6a) 


Since  Eqs.  1-6  and  l-6a  are  applicable  for  both  the  incomplete  ditch  con- 
dition and  the  incomplete  projection  condition,  they  may  be  used  to  de- 
termine loads  on  both  rigid  and  flexible  conduits. 


The  solution  of  Eqs.  l-5a  and  l-6a  is  facilitated  by  the  use  of  ES-118, 
pages  5-63  and  3-65 • 

It  is  necessary  to  determine  the  value  of  He/bc  by  the  use  of  Eq.  1-4  to 
solve  Eq.  l-6a  since  Eq.  l-6a  contains  Hg/b,-.  as  one  of  its  variables. 
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Effect  of  Width  of  Ditch 

No  definite  width  of  ditch  is  specified  to  define  whether  a conduit  is 
classed  as  a ditch  conduit  or  as  a positive  projecting  conduit.  In  the 
analysis  of  loads  on  ditch  conduits,  it  is  assumed  that  a rigid  conduit 
resists  all  of  the  pressure  at  the  top  of  the  conduit  for  the  width  b^. 
This  pressure  which  is  equal  to  the  load  on  the  rigid  conduit  is  less 
than  the  weight  of  the  backfill  material  because  a portion  of  the  weight 
is  transferred  by  shear  into  the  ditch  walls.  Increasing  the  value  of 
bq  for  ditch  conduits  increases  the  load  on  the  conduit.  As  the  width 
of  a ditch  is  increased,  a value  of  b^  is  reached  where  the  total  pres- 
sure is  no  longer  resisted  by  the  conduit  and  the  classification  changes 
to  a positive  projecting  conduit. 

In  the  analysis  of  positive  projecting  conduit,  projection  condition, 
the  load  on  the  conduit  is  the  pressure  at  the  elevation  of  the  top  of 
the  conduit  distributed  over  the  width  bQ  rather  than  b^.  This  load  is 
greater  than  the  weight  of  the  prism  directly  above  the  conduit  because 
a portion  of  the  weight  of  the  exterior  prism  is  transferred  by  shear  to 
the  interior  prism.  By  increasing  b^,  the  load  is  increased  on  ditch 
conduits  to  a value  b^  which  is  equal  to  the  load  computed  by  the  for- 
mulas for  positive  projecting  conduits,  projection  condition.  It  is 
this  value  of  b^  which  defines  the  boundary  between  ditch  conduits  and 
positive  projecting  conduits.  Conduits  for  a given  value  of  Hc/bc  in  a 
ditch  having  a width  b^  < b^  are  ditch  conduits.  Those  conduits  in 
which  bq  > b^  are  positive  projecting  conduits.  The  value  of  b^  can  be 
determined  from  the  chart  in  ES-117>  page  3~59* 

Figure  1-4  is  a plot  showing  two  curves  which  gives  the  load  on  a 2-foot 
diameter  conduit  (bc  = 2.5  ft)  when  Hc  = 10  ft  and  Hc  = 15  ft  for  vari- 
ous values  of  b^-.  When  b^  = bc,  the  load  on  the  conduit  computed  by  the 
positive  projecting  conduit  formulas  is  greater  than  the  load  computed 
by  the  ditch  conduit  formula  because  of  the  transfer  of  weights  by  shear. 
As  b^  is  increased,  holding  bc  constant,  the  load  computed  by  the  posi- 
tive projecting  conduit  formulas  remains  constant  while  the  load  com- 
puted by  the  ditch  conduit  formula  increases.  At  some  value  of  b^  the 
loads  computed  by  both  formulas  become  equal.  Observe  in  this  plot  how 
the  value  of  b^  increases  from  b^  = 5*5  ft  to  b^  = 6.2  ft  as  the  value 
of  Hc  is  increased  from  10  ft  to  15  ft. 


The  Effect  of  Surface  Loads  on  Underground  Conduits 

Underground  conduits  may  also  be  subjected  to  a load  that  is  transmitted 
through  the  soil  from  traffic  loads  applied  to  the  surface  of  the  back- 
fill. The  effect  of  these  loads  may  be  determined  by  the  use  of  the 
Boussinesq  solution14  or  by  the  approximate  method  given  in  ES-25* 
National  Engineering  Handbook,  Section  6,  Structural  Design.  Such 
loads  will  be  of  major  importance  when  the  conduit  is  under  a shallow 
fill  and  subjected  to  heavy  traffic  loads.  Most  conduits  designed  by 
the  Soil  Conservation  Service  are  subjected  to  heavy  traffic  loads 
only  during  construction.  If  the  construction  equipment  is  not  per- 
mitted to  cross  over  the  conduit  until  at  least  2 feet  of  cover  has 
been  placed  over  the  conduit  and  the  conduit  is  designed  to  carry  a 
minimum  earth  load  of  10  feet,  the  effect  of  loads  due  to  construction 
equipment  may  be  neglected. 


LOAD  PER  FOOT  OF  CONDUIT--POUNDS 
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WIDTH  OF  DITCH  bd--FEET 


Fig.  1-4  Effect  of  increasing  the  width  of  ditch  on  the  load  on  a conduit 
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Internal  Fluid  Pressures 

The  determination  of  internal  fluid  pressure  in  a conduit  is  a hydraulic 
problem  (see  National  Engineering  Handbook,  Section  5>  Hydraulics).  The 
magnitudes  of  internal  fluid  pressures  encountered  in  Soil  Conservation 
Service  work  is  usually  of  minor  importance  in  determining  loads  on 
underground  conduits. 


Hydrostatic  Loads 

When  an  underground  conduit  is  below  the  water  table,  there  is  an  external 
hydrostatic  load  acting  on  the  conduit.  The  determination  of  hydrostatic 
pressures  is  also  a hydraulic  problem  (see  National  Engineering  Handbook, 
Section  5;  Hydraulics). 


Procedure  for  Determining  Loads 


Fig.  1-5 . Procedure  for  determining  the  load  on  a ditch  conduit  or 
positive  projecting  conduit. 


< 
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Example  - Determining  Loads 


Given:  1.  A 36  in.  reinforced  concrete  pipe  (bc 

for  installation  on  a cradle  (b  = 5*0  ft). 


3.5  ft.)  is  proposed 


2.  The  height  of  fill  above  the  conduit  is  30.0  ft. 

3.  The  backfill  material  has  a unit  weight  (7)  of  120  lbs/ft3 
and  an  angle  of  internal  friction  (<t>)  of  30°. 


4.  The  ditch  wall  and  foundation  material  has  an  angle  of  in- 
ternal friction  of  20°. 


5- 


The  value  of 


7 f E_ 
7 Ef 


1.0. 


6.  The  distance  pbc  = 3*0  ft.  and  the  distance  \Jrb c = 1.5  ft. 

7.  The  distance  from  the  bottom  of  the  cradle  to  non-yielding 
foundation  material  is  10.0  ft. 

Determine : 

1.  The  load  on  the  conduit  when  b^  = 6.0  ft. 

2.  The  load  on  the  conduit  when  b^  = I5.O  ft. 


l-i4 


Solution: 

1.  Follow  the  procedure  chart  in  Fig.  1-5 • 

Obtain  5.  ES  115 

From  ES  115*  page  5~^5  either  case  c or  d exists 


b = 5.0  ft. 


S(case  c)  = 


1+ 


7f  EJ  t 
7 ^f  p 


Kp 

Kfpf 


From  ES  11^,  page  3~^3;  Kp  = 0.19;  K-pip  = 0.178 
+ = yf  = 0.429,  P = §75  = 0.857 


5 (case 


1.5 


= 2.0 Ff 


0.726 


5p  = (0.726) (O.857 ) = 0.622 

HT 

From  ES  115;  page  3-51;  77^  = 1*65 

h;  = (1.65)(5.0)  = 8.15  ft. 

„ 0.190 
^ ^ ■ <8a5>  0Z78  - 8‘696 

Hf  = 10.0  ft. 

Since  ELp  > Hi  — case  c exists. 
f e Kfhf 


5 = 0.726 

Classify  (ES  117;  page  3-59) 

2Kp5p  = (2) (0.19) (0.622)  = 0.236 


2Kp 


= 2.95 


2(0.19)  = 3.257 


1-15 


b. 


6.0 

3-5 


= 1.714 


Since  ^ ^cl  the  conduit  is  classed  as  a ditch  conduit 
bc  bc 


Obtain  from  ES  ll8,  page  3~6l. 


3Q.0 
b^  ~ 6.0 


5.0 


From  ES  114,  page  3-^3;  K = 0.333 

p for  backfill  = O.58,  p for  ditch  wall  = O.36. 
The  smallest  value  of  p is  O.36  therefore  p?  =0.36 


KpT  = (0#333)(0 .36)  = 0.120 
cd  = 2.92 

Solve  for  WQ  = Cd7bd2  = (2 .92) (120) (6.0)2  = 12, 6l4  lbs/ft. 
2.  Find  the  load  on  the  conduit  when  bd  = I5.O  ft. 

The  values  of  5 computed  in  part  1 will  remain  unchanged. 

5 = 0.726 


Determine  classification  from  ES  117>  page  3~59 

2Kn6p  = (2)(0. 19)(0.622)  = 0.236 


^ 3 = (2)(o.i9)  ^3  = 3.257 

V = 2-95 

DC 


_ 15.0 

bc  ~ 3-5 


4.286 


Since  ^d  ^d 

bc  bc 
conduit . 


the  conduit  is  classed  as  a positive  projecting 


Sub-classify  (ES  117>  page  3-5l)*  Since  the  conduit  is  rigid,  it 
is  classed  as  a projection  condition. 


5p  = (0.726) (O.857 ) = 0.622 


1-16 


EL 


= 1.62 


EL 


= %a  = 8. 


571 


bc  3-5 

JJ 

Since  c ^ the  conduit  is  classed  as  the  incomplete  condition 


He 


bc>bc 


Obtain  C from  ES  ll8,  page  3-63 
P 


2Kji5p  = (2)(0. 19)0. 622  = 0.256 


H 


21(4  L2  = (2)(0.19)(8.571)  = 3.257 


2KpCp  = 5-75 
CP  (2)  (0.19) 

Wc  = Cp  7b c2  = (15.13)(120)(5.5)2  =•  22,2L0  lbs/ft. 
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CHAPTER  2 - SUPPORTING  STRENGTH  OF  RIGID  PIPE  CONDUITS* 


The  supporting  strength  of  a pipe  is  the  maximum  total  load  the  pipe  is 
capable  of  restraining  without  failure.  The  safe  supporting  strength  of 
an  underground  rigid  pipe  depends  on  three  major  factors;  strength  of 
pipe,  load  factor,  and  the  safety  factor. 


Strength  of  Pipe  Rg^ 


The  supporting  strengths  of  short  lengths  of  pipes  are  determined  by 
direct  test  for  certain  standard  load  distributions.  The  most  common 
method  of  determining  supporting  strength  of  pipes  is  the  three-edge 
bearing  test1  (Fig.  2-1  and  Fig.  2-2a). 

The  American  Society  for  Testing  Materials  (ASTM)  has  set  forth  specifi- 
cations or  standards  for  manufactured  pipe  of  various  materials.  These 
specifications  give  the  pipe  dimensions  and  their  supporting  strength 
Re^  for  the  three-edge  bearing  test.  For  reinforced  concrete  pipe  the 
supporting  strength  is  expressed  as  the  ultimate  load  and  also  as  the 
load  to  produce  0.01- inch  crack  in  the  pipewall.  For  reinforced  concrete 
pipe  the  value  of  Rg^  to  produce  0.01-inch  crack  is  used  in  this  Tech- 
nical Release.  For  other  types  of  rigid  pipes  it  is  the  ultimate  load. 

The  supporting  strength  as  determined  by  the  three-edge  bearing  test  is 
used  for  the  derivation  of  the  safe  supporting  strength  of  underground 
conduits.  The  use  of  the  supporting  strength  as  determined  by  other 
standard  tests  requires  a revision  of  formulas. 

The  values  of  Rg^  for  various  types  of  rigid  pipes  meeting  ASTM  specifi- 
cations are  given  in  ES-119>  pages  3-67  to  3-71  • The  values  of  Rg^  for 
rigid  pipes  not  included  in  ES-119  may  be  obtained  from  ASTM  specifica- 
tions. Some  ASTM  specifications  express  the  strength  of  the  pipe  in 
terms  of  D loads.  The  value  of  Rg^  for  these  pipes  is 

Reb  = M. (2-1) 

where  d = nominal  diameter  of  the  pipe,  ft 


Load  Factor  Lf 


In  a field  installation  the  supporting  strength  of  a pipe  is  greater  than 
that  determined  by  the  three-edge  bearing  test.  A more  favorable  load 
distribution  exists  on  pipes  in  the  field  installation  than  that  of  the 
three-edge  bearing  test. 


* Rigid  pipe  conduits  are  defined  as  pipes  whose  cross-sectional  shape 
cannot  be  distorted  sufficiently  to  change  their  vertical  and  hori- 
zontal dimensions  more  than  3 percent  without  causing  materially  injuri- 
ous cracks  in  the  pipe . 
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Fig.  2-1  Arrangement  of  conduit  and  bearing  blocks  for 
standard  three-edge  bearing  laboratory  tests  of  culvert  pipe 


Total  Load  = Wc 


Fig.  2-2a  Assumed  load 
distribution  for  the  case 
of  three-edge  bearing 


Fig.  2-2b  Assumed  load  distri- 
bution on  an  underground  conduit 
installed  on  a projecting  bedding 
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The  load  factor  is  the  ratio  of  the  supporting  strength  of  the  pipe  in 
any  stated  loading  condition  Rc  to  the  supporting  strength  of  pipe  in 
three-edge  hearing  Ret) . 


(2-2) 


where  Lp  = load  factor 

Rc  = supporting  strength  of  pipe  for  a stated  load  pattern,, 
lbs/ft  length  of  pipe 

Ret  = supporting  strength  of  pipe  for  three -edge  bearing  load, 
lbs/ft  length  of  pipe 


The  value  of  a load  factor  depends  on  the  type  of  cradle  or  bedding  asso- 
ciated with  the  conduit  together  with  the  classification  of  the  under- 
ground conduit.  Beddings  are  a type  of  construction  which  provide  a dis- 
tribution of  vertical  reaction  along  the  lower  surfaces  of  the  conduit. 
Cradles  furnish  a lateral  support  as  well  as  a distribution  of’ vertical 
reaction. 


Load  Factors  for  Ditch  Cradles  and  Beddings 

Ditch  cradles  and  beddings  are  associated  with  those  underground  conduits 
for  which  no  lateral  loads  from  the  adjacent  materials  are  assumed  to  act 
on  the  conduit.  Only  two  classifications  of  underground  conduits  are 
associated  with  ditch  cradles  and  beddings.  They  are  ditch  conduits  and 
negative  projecting  conduits,  ditch  condition.  For  these  two  classifi- 
cations, the  backfill  adjacent  to  the  conduit  is  more  compressible  than 
the  material  in  the  ditch  walls.  Since  none  of  the  vertical  loads  are 
assumed  to  be  transmitted  through  the  material  adjacent  to  the  conduit, 
no  lateral  forces  are  considered  to  exist  on  the  conduit. 


The  load  factors  for  ditch  cradles  and  beddings  are  determined  experi- 
mentally for  various  types  of  cradles  or  beddings.  Because  of  the  wide 
variety  of  cradles  and  beddings,  it  is  practical  to  group  them  and  assign 
load  factors  which  will  give  safe  supporting  strengths. 

Values  of  Lp  for  various  ditch  beddings  and  cradles  are  given  in  ES-120, 
page  3-73- 

Load  Factors  for  Projecting  Cradles  and  Beddings 

Projecting  cradles  and  beddings  are  associated  with  those  underground 
conduits  for  which  lateral  loads  are  assumed  to  act  on  the  conduit.  All 
classifications  of  underground  conduits  except  ditch  conduits  and  nega- 
tive projecting  conduits,  ditch  condition,  are  associated  with  project- 
ing cradles  and  beddings.  The  value  of  the  load  factor  for  projecting 
cradles  and  beddings  depends  on  the  magnitude  and  distribution  of  verti- 
cal and  horizontal  loads. 

Figure  2-2b  is  a generalized  load  pattern  consisting  of  five  variables 
(|3,  a or  p,  r,  Kp,  and  Wc).  This  pattern  was  prepared  from  a study  of 
experimental  data  of  loads  on  underground  conduits . Because  of  the  va- 
riety of  values  of  these  five  variables,  it  is  impractical  to  obtain 
load  factors  by  actual  test.  An  expression  of  the  load  factor  in  terms 
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of  these  variables  has  been  analytically  derived..4 5  It  is  determined  by 
the  following  procedure: 

The  maximum  allowable  fiber  stress  in  a pipe  for  the  three-edge  bearing 
test  is  derived  (Fig.  2-2a).  This  is  set  equal  to  the  derived  maximum 
fiber  stress  for  the  assumed  load  pattern  given  in  Fig.  2-2b . The  re- 
sulting equation  is  rearranged  to  give  Rc/Rgb  or  the  load  factor  Lp. 

The  derivation  is  given  in  Appendix  B. 

The  five  variables  of  the  load  pattern  are 


1.  k_(_  = ratio  of  total  lateral  load  to  vertical  load.  An  expres- 

sion for  the  value  of  Kp  is  obtained  by  the  following 
procedure:  Rankine’s  formula  for  active  lateral  pres- 

sure is 

p = 7hK 

where  p = intensity  of  lateral  pressure,  lbs/ft2 

h = vertical  height  from  any  point  within  the 
embankment  to  the  upper  surface  of  the 
fill,  ft 

K = ratio  of  active  horizontal  pressure  at  a 
point  to  vertical  pressure 
7 = unit  weight  of  embankment  material,  lbs. /ft. 3 


The  total  active  lateral  pressure  on  a rigid  pipe  is 

pbc" 


KtWc  = 7 


Hc  + 2 


Kpb, 


Substituting  the  value  of  Wp  from  Eq.  1-5  page  1-9 


Kt 


_ OL 


n 


5c 

b. 


(2-5) 


2.  r — mean  radius  of  pipe,  ft 


5.  (3  = one-half  of  the  central  angle  subtended  by  the  arc  of  the 

pipe  over  which  the  upward  vertical  reactions  are  act- 
ing. This  value  depends  on  the  type  of  cradle  or 
bedding. 


4.  a = one-half  of  the  central  angle  subtended  by  the  arc  of  the 
pipe  over  which  no  lateral  loads  are  acting  on  the  pipe. 
Thus, 


p = | [l  - sin  (a  - 90°) 


. . . . (2-4) 


5.  Wc  is  evaluated  in  accordance  with  Chapter  1. 
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The  load  factor  for  projecting  cradles  and  bedding,  derived  in  Appendix 
B,  is 

T = 1~^1 

f Xp  - Hxa 

where  Xp  is  a function  of  the  distribution  of  the  vertical  load  and 
vertical  reaction  (see  Appendix  B for  the  equation  for  Xp). 
The  values  of  Xp  depend  on  the  type  of  projecting  cradle  and 
bedding,  and  were  determined  by  experimentation,  analysis,  or 
approximation.  Values  of  Xp  for  various  cradles  and  beddings 
are  given  in  ES-120,  pages  5-74  to  5~76. 

Xa  is  a function  of  the  projection  onto  a vertical  plane  of  the 
area  of  the  pipe  over  which  the  lateral  loads  are  assumed  to 
be  distributed  (see  Appendix  B for  the  equation  for  Xa). 

For  uncradled  pipe  the  lateral  loads  are  assumed  to  act  on  that  portion 
of  the  pipe  that  is  above  the  natural  ground.  Considering  a length  of 
pipe  of  1 foot,  this  area  is  pbQ.  When  p is  greater  than  unity  (p  > l) 
the  height  of  the  projected  area  over  which  the  lateral  loads  are  dis- 
tributed is  only  bc  and  the  value  of  Xa  will  correspond  to  a value  of 
p = 1.0.  The  lateral  forces  on  cradled  pipes  are  assumed  to  be  trans- 
mitted through  the  cradle  to  the  pipe,  thus,  the  loads  are  assumed  to  be 
acting  on  the  same  area  as  for  uncradled  pipe.  Values  of  Xa  for  pipes 
on  cradles  and  beddings  for  various  values  of  p may  be  obtained  from  the 
curves  in  ES-120,  page  5-77* 

Safety  factor  s 

The  safe  supporting  strength  of  pipe  is  the  supporting  strength  of  a 
pipe  divided  by  the  safety  factor.  Safety  factors  are  recommended  for 
various  types  of  materials.  Since  the  value  -of  Rgp  for  rigid  pipes 
other  than  reinforced  concrete  are  specified  as  strengths  for  ultimate 
loads,  a factor  of  safety  of  1.5  or  2.0  may  be  used.  Values  of  Rgb  for 
reinforced  concrete  are  based  on  the  load  to  produce  0.01-inch  crack 
in  the  pipe.  A factor  of  safety  of  1.0  is  considered  satisfactory  for 
reinforced  concrete  pipe  for  the  following  reasons : 8 

1.  The  three -edge  bearing  load  to  produce  the  0.01 -inch  crack  Is 
the  minimum  load  that  random  samples  of  the  pipe  must  meet, 
thus,  in  practice  samples  usually  withstand  more  than  the  mini- 
mum required. 

2.  Within  time  limitations  concrete  pipe  increases  in  strength 
with  age. 

5.  Other  design  variables  are  generally  chosen  to  produce  a safe 
structure,  thus  making  the  conservative  choices  additive. 

4.  Failure  is  reached  only  at  a load  considerably  in  excess  of 
the  cracking  three -edge  bearing  load. 


(2-5) 
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Equations  for  the  Safe  Supporting  Strength  of  Pipes  Rq 

The  symbol  Rd  is  used  to  represent  the  safe  supporting  strength  of  the 
pipe  in  pounds  per  foot  length. 


1.  Ditch  cradles  and  beddings. 


Bf  Reb 
s 


(2-6) 


2.  Projecting  cradles  and  beddings, 
a.  Beddings 

Rc  l.^-31  Reb 


R*  = — = 


3 s(Xp  - KtXa) 


(2-7) 


where  Xg,  and  Xp  are  defined  by  Eqs.  2-3,  B-15,  and  B-l6 


b.  Cradles 


Rd  = — = 
a s 


Rc  l.^-31  Reb 


(2-7) 


s ( ) 

where  Xa,  and  Xp  are  defined  by  Eqs.  2-3,  B-20,  and  B-21 


Internal  Fluid  Pressures 


Positive  internal  fluid  pressure  causes  tensile  stresses  in  the  pipe 
wall.  These  tensile  stresses  add  algebraically  with  the  flexural 
stresses  caused  by  the  external  loads.  The  conduit  is  not  capable  of 
supporting  as  large  an  external  load  as  it  would  support  when  no  in- 
ternal fluid  pressure  exists.  When  positive  internal  fluid  pressure 
exists,  the  value  of  three-edge  bearing  strength  Rg^  used  in  the  sup- 
porting strength  formulas  is  reduced.  The  adjusted  value  of  Rg^  is6 


■^eb 


(2-8) 


where  Rg-u  = value  of  the  reduced  supporting  strength  of  a pipe  having 
positive  internal  pressure,  Ibs/ft.  It  is  substituted 
in  the  supporting  strength  formulas  for  the  three-edge 
bearing  strength  Rgt,. 

N = bursting  pressure  of  the  pipe,  lbs/in2 

p-^  = internal  pressure  in  the  pipe,  lbs/in2 


The  bursting  pressure  of  a reinforced  concrete  pipe  is 


a£g 

6a 


N = 


(2-9) 
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where  a = cross  sectional  area  of  the  circumferential  steel  in  one 
foot  of  pipe,  in2 

fs  = allowable  stress  in  reinforcing  steel,  lbs/in2 
d = inside  diameter  of  the  pipe,  inches 

The  operating  internal  pressure  is  usually  small  compared  to  the  burst- 
ing strength  of  the  pipe.  The  effect  of  internal  pressures  on  the  sup- 
porting strength  of  rigid  pipes  installed  as  underground  conduits  is 
usually  neglected  except  for  extremely  high  internal  pressures. 


Effect  of  Hydrostatic  Load 

A hydrostatic  load  has  a similar  effect  on  stresses  in  a pipe  wall  as 
negative  internal  pressure.  The  compressive  stresses  resulting  from  a 
hydrostatic  load  reduce  the  critical  tensile  stresses  created  by  earth 
loads.  Therefore,  hydrostatic  loads  are  usually  neglected  in  calcula- 
ting loads  on  rigid  circular  pipes. 


Procedure  for  Determining  Safe  Supporting  Strength 


Fig.  2-3.  Procedure  for  determining  the  safe  supporting  strength  of 
a conduit  installed  as  a ditch  conduit  or  a positive 
projecting  conduit. 
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Example  - Determining  Safe  Supporting  Strength 

Given:  1.  A 36  M Class  III  Wall  A pipe  (ASTM  C76-57T)  is  proposed 

for  installation  on  a type  A2  cradle. 


2.  The  height  of  fill  above  the  conduit  is  35  ft. 

3.  The  distance  pbc  = ■7. 5 ft. 

The  distance  H-f  = 12  ft. 

5.  The  bottom  width  of  the  cradle  is  5*0  ft. 

6.  The  backfill  material  has  a unit  weight  of  100  lbs/ft3 
and  an  angle  of  internal  friction  of  28°. 


7. 

8. 

9- 


The  ditch  wall  and  foundation  material  has  an  angle  of  in- 
ternal friction  of  30°. 


The  value  of 


A load  factor  L. 
if  it  is  classei 


E 

— is  1.0. 

EfJ 

of  3*0  may  be  used  for  this  installation 
as  a ditch  conduit . 


10.  A safety  factor  of  s = 1 may  be  used. 


Find:  1.  The  safe  supporting  strength  of  the  conduit  if  the  ditch 

in  which  it  is  installed  is  7 ft  wide. 


2.  The  safe  supporting  strength  of  the  conduit  if  the  ditch 
which  it  is  installed  is  13  ft  wide. 
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Solution: 


Use  the  procedure  given  in  figure  2-3* 

1.  Obtain  5 - ES-115;  page  3-45 

From  ES-115;  page  3-47  either  case  c or  case  d exists 

b = 5.0  ft. 


Assume  case  c 
pb 

P = 


- - = !.286 


bc  5.5 

Since  the  natural  ground  is  at  the  bottom  of  the 
cradle  i|r  = 0 (ES-114,  page  3-42) 

From  ES-114,  page  3-43;  Kp  = 0.19;  K^pp  = 0.19 

1 + W rls6 

5 (Case  c)  = 7TTFT  = 0-5 


0.19 

0.19 


1 + (1) 

5p  = (0.5) (1.286)  = 0.643 
From  E3-115;  page  3~51;  — = I.65 
h;  = (1*65) (5*0)  = 8.25 

» _ Kp — _ /g  25)  = 8 20 

1 0.19  ° 


Since 


Hf 


> EL 


'e  Kfpf 
5 = 0.5;  Sp  = 0.643 


case  c exists 


Classify  - ES-117;  page  3-59 
2Kp6p  = (2)(0. 19)0. 643  = 0.244 


H, 


2KH  p = (2)(0-19)  = 5-80 


b 


b 


d 


- - 5.15 


_ 7.0 
bc  ' 3-5 


= 2.0 


^d  bd 

Since  — < — the  conduit  is  a ditch  conduit. 

Dc  Dc 

Obtain  Lp  from  ES-120,  page  3-73* 

Lp  = 3-0  (given) 

Obtain  R^  from  ES-119;  page  3-87* 

Reb  = ^050  lbs/ft. 

Solve  for  Rd  = LfR-^  = (^•°)(^°^Q)  = 12,150  lbs/ft. 

S _L 
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2.  The  value  of  6 is  the  same  as  for  part  1 

5 = 0.5>  Sp  = 0.643 
Classify  - ES-117*  page  3~59 


— = 3*13  (from  part  l) 
bc 

h _ urn  _ 4 

bc  - 3-5  ■ i ‘ 

b . bl 

Since  _J3  a the  conduit  is  classed  as  a positive  pro- 


b. 


b, 


'c  wc 

jecting  conduit.  Since  a rigid  conduit  is  used,  the 
conduit  is  sub-classed  as  the  projection  condition. 

Sub-classify  (ES-117>  page  3-57) 

He 

— = 1.65 


Kr 


_ 3^  _ 
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= 10 


Hc  He 

Since  — > — the  conduit  is  classed  as  the  incomplete 

condition 


Obtain  C from  ES-118,  page  3-63 

ir 


2Kp 


5 

b , 


3.80 


2Kp5p  = 0.244 
2KpCp  = 6.83 
C _ 6‘Q3 


P (2)(0.19) 


Solve  for  k 


pK 


= 17.97 

/fl 

— + 

\bc  + 2] 


Since  p = 1.286  is  greater  than  1 use  p = 1 
From  ES-114,  page  3~43>  K = O.36 

_ IilLQ-3.6)  /_33  M i\  _ 


H = 


3.5  + 2] 


= 0.210 


17.97 

Obtain  Xa  from  ES-120,  page  3-77 
Since  p > 1 use  p = 1 

xa  = 0.638 
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Obtain  X from  ES-120,  page  3-74 
1? 

X = 0.45 
P 

Solve  for  1 - = — 

f xP"Hxa 


1.^-3! _ 1.431 

0.45- (0.210) (O.638)  “ 0.316  “ 


Obtain  R^  from  ES-119*  page  3-67 
Reb  = ^°5°  lbs/ft‘ 

Solve  for  Rd  = = 18,347  lbs/ft. 


4.53 


v 
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CHAPTER  3 - FORMULAS  OBTAINED  BY  EQUATING  EXPRESSIONS  FOR 
LOAD  AND  SAFE  SUPPORTING  STRENGTH  OF  POSITIVE  PROJECTING  CONDUITS 


The  load  on  an  underground  conduit  can  be  determined  by  the  use  of  the 
equations  in  Chapter  1.  Similarly,  the  safe  supporting  strength  of  a 
conduit  can  be  determined  by  the  use  of  the  equations  in  Chapter  2. 
Sometimes  neither  of  these  quantities  are  specifically  desired  in 
practical  design  problems.  Then  the  question  to  be  answered  is  one 
of  three  types. 

1.  What  are  the  allowable  classes  of  pipes  that  can  be  used  for 
a given  embankment  height  and  cradle? 

2.  What  are  the  types  of  cradles  or  beddings  that  can  be  used  for 
a given  embankment  height  and  pipe? 

3.  What  are  the  allowable  fill  heights  Hca  over  the  top  of  the 
pipe  for  a given  cradle  and  pipe? 

Chapter  3 is  written  to  facilitate  the  solution  of  each  of  the  three 
questions  without  predetermination  of  the  load  or  allowable  strength  of 
the  positive  projecting  conduit.  This  is  desirable  because  fewer  calcu- 
lations are  required. 

The  expression  for  the  load  on  the  conduit  is  equated  to  the  expression 
for  the  safe  supporting  strength  of  the  conduit.  This  equation  is  rear- 
ranged to  permit  graphical  presentations  of  certain  portions  of  the 
equation.  Such  a rearrangement  will  usually  permit  an  easy  solution 
without  trial  and  error  methods  for  any  one  of  the  three  quantities. 

The  procedures  for  the  determination  of  each  of  the  three  quantities 
listed  above  are  given  on  ES-113;  pages  3-37  to  3~39* 


Positive  Projecting  Conduits,  Complete  Projection  Condition 
(Projecting  Cradles  and  Beddings) 


Equate  Eqs.  1-5  and  2-7. 


Cp7bc2  = 


1.1+31  Reb 


(3-1) 


where 


2Kn(Hc/bc) 


e 


- 1 


(l-5a) 


C 


P 


2Kp 


Rearrange 


(3-2) 


3-2 


Let 


Then 


1 = pXa  + 


1.231  Reb 


s7h, 


2 = CpXp  - KT 


(3-3) 


(3-2) 


Values  of  Cp  are  determined,  from  the  charts  in  ES-118,  pages  3-63  and. 
3-65*  Values  of  Xp  for  various  types  of  beddings  and  cradles  are  given 
in  ES-120,  pages  3-72  to  3-76.  Values  of  K for  various  values  of  are 
determined  from  the  chart  in  ES-112,  page  3-23*  Values  of  T for  various 
values  of  p and  Hc/bc  are  read  from  the  charts  in  ES-121,  pages  3-79  and 
3-81. 


The  expression  to  the  left  of  the  equal  sign  in  Eq.  3-2  represents  the 
strength  factor  FSp  that  is  provided  by  a given  pipe  for  a particular 
installation. 


1.231  Rg-fo 

s?bc2 


(3-5) 


Values  of  FSp  for  various  pipes  are  determined  from  ES-119;  pages  3-67 

to  3-71. 


The  expression  to  the  right  of  the  equal  sign  in  Eq.  3-2  represents  the 
strength  factor  Fsr  that  is  required  for  a particular  installation. 


■^sr  ^p^p 


(3-6) 


When  the  allowable  height  of  fill  Hca  is  to  be  determined,  Eq.  3-2  is 
rearranged 


2Kn(Hc/bc)  KpX 


a 


H, 


*p 


2Kn 


= U 


(3-7) 


where 


U 


2K^Fs-p  + KnKp2Xa  + Xp  ^ ^ 

V 


The  solution  of  Eq.  3-7  is  facilitated  by  the  use  of  ES-122,  page  3-83* 


Values  of  Xa  for  various  values  of  p are  read  from  the  curves  in  ES-120, 
page  3-77. 


In  Eq.  3-7  and  Eq.  3~7a  the  value  of  p cannot  be  greater  than  one. 
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Positive  Projecting  Conduits,  Incomplete  Projection  Condition 
(Projecting  Cradles  and  Beddings) 


Equate  Eqs.  1-6  and  2-7. 


vv  = 


1.1+51  Reb 


L 

(Hc 

pfl 

Xp  Q 

* Op 

+ 2 

l__ 

where 


CP  “ 


2Kn(He/bc) 

e - i 

2Kp 


+ 


He  _ He 

bc 


, 2K|a(He/bc ) 


(3-1) 


(l-6a) 


Rearrange  Eq.  3-1* 

1.4-31  Reb 


s7b, 


2 — ^pXp  ^ 


PX 


5c  p 

a \bc  + 2 


Let 


T = PX 


a 


He  p 
bc  + 2 


Then 


(5-2) 


(5-5) 


1.1+51  Rph 

- KT (3'4) 


Values  of  Cp  are  determined  from  the  charts  in  ES-118,  pages  3-63  and 
3-65.  Values  of  Xp  for  various  types  of  beddings  and  cradles  are  given 
in  ES-120,  pages  3-74-  to  3-7 6.  Values  of  K for  various  values  of  0 are 
determined  from  the  chart  in  ES-114-,  page  3-4-3*  Values  of  T for  various 
values  of  p and  Hc/bc  are  read  from  the  charts  in  ES-121,  pages  3~79  and 
3-81. 


The  expression  to  the  left  of  the  equal  sign  in  Eq.  3-4-  represents  the 
strength  factor  ESp  that  is  provided  by  a given  pipe  for  a particular 
installation. 


1.4-31  Reb 
S7bcs 


(5-5) 


Values  of  Fsp  for  various  pipes  are  determined  from  ES-119*  pages  3-67  to 
3-71* 


The  expression  to  the  right  of  the  equal  sign  in  Eq.  3-4-  represents  the 
strength  factor  Fsr  that  is  required  for  a particular  installation. 


-^sr  — CpXp  KT 


(5-6) 


3-^ 


When  the  height  of  fill  Hca  is  to  he  determined,  Eq.  3-1  is  rearranged 
in  the  form 


hc  Fsp  + 0.5 Kpa  xa  + (xe1  - e + l) 
bc  ex  xp  - Kpxa 


• • (3-8) 


where  x = 2K) i 


He 

h0 


Values  of  Xa  for  various  values  of  p are  read  from  the  curves  in  ES-120, 
page  3-77* 

When  p > 1,  use  p = 1 for  substitution  into  Eq.  3-8*  Eq.  3-8  is  solved 
by  the  following  procedure : 


Find  the  value  of  G“—  x from  the  relation 

v 

e — x = 2Kq6p  +1  — Use  the  actual  value  of  p in  this  equation. 
Obtain  x from  ES-123,  page  3-87. 

Obtain  0X  from  the  relation 

GX  = (GX  — x)  + x 

Substitute  these  values  into  Eq.  3-8. 


4 
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Examples 


Examples  have  been  prepared  to  illustrate  the  solution  of  underground 
conduit  design  problems,  using  the  procedures  and  computation  aids 
given  in  ES-113  through  ES-125*  The  following  tabulation  permits  the 
selection  of  examples  which  illustrate  solutions  by  various  methods. 


Example 

Number 

Find 

Classifi- 

cation 

Sub clas- 
sification 

Case 
of  6 

Type  of 
Rigid 
Pipe 

Bedding 

or 

Cradle 

In  a 
Ditch? 

1 

Pipe 

Ditch 

-- 

c 

any 

bedding 

yes 

t 2 

Pipe 

Pos.  Pro j . 

Incomplete 

b 

any 

cradle 

no 

3 

Pipe 

Pos.  Pro  j . 

Incomplete 

c 

any 

bedding 

no 

4 

Bedding 

Pos.  Pro j . 

Incomplete 

d 

clay 

bedding 

yes 

5 

Cradle 

Pos.  Pro j . 

Incomplete 

a 

r/c 

cradle 

no 

* 6 

Bedding 

or 

Cradle 

Pos.  Pro j . 

Incomplete 

c 

r/c 

either 

no 

t 7 

Hca 

Pos.  Pro j . 

Incomplete 

d 

r/c 

bedding 

no 

8 

HCa 

Pos.  Pro j . 
Ditch 

Incomplete 

c 

concrete 

cradle 

yes 

9 

HCa 

Pos.  Pro j . 
Ditch 

Complete 

a 

r/c 

bedding 

yes 

10 

Hca 

Pos.  Pro j . 

Incomplete 

c 

r/c 

cradle 

no 

^Example  6 illustrates  the  type  of  solution  required  to  determine  the 
unknown  quantity  at  more  than  one  point  under  a dam. 

7f  e 

tExamples  2 and  7 illustrate  the  effect  of  changing  the  value  of  — — 

7 E-f 


Example  No . 1 

Given:  1.  A 24-inch  rigid  pipe  conduit  is  proposed  for  installation  in 

a 42-inch  ditch  (bq  = 42  in.).  The  ditch  is  in  a very  deep  uniform 
material  which  has  an  angle  of  internal  friction  4>q  of  30°,  a unit 
weight  of  120  lbs/ft3,  and  a modulus  of  consolidation  Ep  = 11.4 
tons/ft2.  The  maximum  depth  of  the  ditch  is  25.6  ft.  The  distance 
pbc  = 1.6  ft. 

2.  The  backfill  material  has  the  following  properties  when  com- 
pacted to  required  density: 

(a)  unit  weight  7 = 120  lbs/ft3 

(b)  angle  of  internal  friction  = 50° 

(c)  modulus  of  consolidation  E = 10  tons/ ft2 
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3.  A first-class  bedding  (Type  B ditch  bedding  or  Type  B2  pro- 
jecting bedding)  is  proposed  (ES-120,  pages  3-73  to  3-76). 

4.  Consider  0.01-inch  crack  permissible  for  safe  design  for  R/C 
pipe  and  use  1.5  safety  factor  for  clay  and  non-reinforced  concrete 
pipe . 

Determine : A rigid  pipe  that  can  be  used. 


Solution: 

List  data  (ES-114,  pages  3-4-1  and  3-42) 

7 = 120  lbs/ft3 

42 

*d  = if  = 3.5  ft 

p = p*,  therefore,  Kp  = Kp  ’ =0.19  (ES-114,  page  3-43) 
s =1  for  R/C  and  1.5  for  other  pipes 


Follow  procedure  on  ES-113>  page  3-37 
Assume  bc  = 2.5  ft 

Find  5 (Follow  procedure  on  ES-115*  page  3-45) 

From  ES-115,  page  3-47  ; case  c applies  since  the  material  is 
very  deep. 


b = bc  = 2.5  ft  (ES-114,  page  3-41 ) 
Solve  for  5 


Pf'c  _ 1 . 6 
bc  " 2.5 


0.640 


P 


3-7 


fbc  = bc  - 1.6  = 2.5  - 1.6  = 0.9  ft 


t = = 0.360 

2.5 


Kf  M-f 


= 1 


7s. 

7 


= 1 


_E_  _ 10.0 
Ef  ~ 11.4 


0.877, 


i _ 0.360 
p 0 . 640 


O.362 


7s  JL 

7 e£ 


0.877 


1 + (0.877) (0.362)  _ 1.493 
~ 1 + 0.877  (1)  _ 1.877 


0.796 


Check  whether  classification  is  ditch  conduit  or  positive  project- 
ing conduit  (use  ES-117,  page  3-59  ) • 


He  23.6—1.6  0 „„  Hc  . | 

~c=^3 — = 8'80’  2141  -c  = ^3kk 

5p  = (0.796) (0.640 ) = 0.509,  2Kp5p  = 0.1934 


Dd  3.3 


bA 

hr- 


2.5 


= 2.90 


1.40 


bd  bd 

Since  — < , — . the  conduit  is  classed  as  a ditch  conduit. 
bc  bc 


Obtain  Cd  from  ES-118,  page  3-61. 


5c 

br 


22 

3.5 


= 6.29 


Kp’  = 0.19 
cd  - 2.38 


Obtain  from  ES-120,  page  3-73,  Ld  = 1.9 

Solve  for  Wc  = Cd7bd2  = (2.38) (120 ) (3-5)2  - 3500  lbs/ft 
Let  Wc  = Rd.  Solve  for  Rg^  required. 

Reb  = = 1840  lbs/ft  (for  R/C  pipe) 

Red>  = (^88 ^ = 2760  lbs/ ft  (for  other  types  of  pipes) 

From  ES-119,  pages  3-67,  3-69  , and  3~71,  any  24-inch  reinforced 
concrete  pipe  having  a value  of  Rgb  equal  to  or  greater  than  1840 
lbs/ft  may  be  selected.  Any  24-inch  non-reinforced  concrete  or 


3- 


Q 

O 


clay  pipe  having  a value  of  Rep  equal  to  or  greater  than  2760 
lbs/ft  may  be  selected. 


Select  an  extra  strength  clay  pipe. 

Reb  = bc  = 2.292 

Obtain  5 using  new  bc  value  (ES-115,  page  3-45)  Case  c still  exists 

1.6 


2.292 


= O.698 


?/Jbc  = 2.292  - 1.6  = 0.69 

f = = 0.301 

v 2.292  J 

t - Q.^01  _ 0 h7l 

P " O.698  “ U^1 

8 (case  c)  - -1-+  IP ■ 8.77.)  ( 0 ■ ) _ Q 7^, 

b (case  c)  - 1+  (0>877)(1)  -0.(94 

Classify--ES-117_>  page  3-57 
2KpSp  = (O.38)  (0.73^)  (O.698)  = 0.19^-7 

2 Kp  = (0.38)  = 3.65 


bc 
bd 

= 2.95 


2.292 


A 5,5 

bn  2.292 


= 1-53 


bd  . Ed 


Since  — < , , 

bc  bc 


classification  remains  ditch  conduit.  Selected 
pipe  is  satisfactory. 


I 


Example  No . 2 

Given:  1.  A 30-inch  pipe  (ASTM  Spec.  C76-57T)  is  proposed  for  instal- 

lation through  a dam  on  a type  A2  cradle  resting  on  rock.  The  con- 
duit is  not  installed  in  a ditch. 


2. 

The  distance  pbc  is  2.10  ft. 

3. 

The  distance  tbc  is  1.42  ft. 

4. 

Use  a factor  of  safety  of  1. 

5. 

The  height  of  fill  above  the  top  of 

the 

pipe  is  l8.4  ft. 

6. 

When  compacted  to  required  density, 

the 

embankment  material 

has  a unit  weight  7 = 110  lbs/ft3  and  an  angle  of  internal  friction 
4>  of  32°. 

ll  A 

7 Ef 


7.  Consider  that  the  value 


may  range  from  0.1  to  1.0. 
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Determine:  Class  of  pipe  meeting  ASTM  Spec.  C76-57T  that  may  he  used. 


Solution: 

List  data  (ES-114,  pages  3-4l  and  3-42) 

7 = 110  lbs/ft3 

bc  will  vary  for  the  various  wall  thicknesses.  The  value  of  bc  for 
wall  B will  be  used  for  a preliminary  determination. 

bQ  = 3-083  ft 

From  ES-114,  page  3-43.?  K = 0.31>  Kp  = 0.19 
s = 1 

_ 0 - 10  _ n /-o-i 

p - 3.083  - 0,681 


Follow  procedure  on  ES-113>  page  3-37 
bc  is  assumed  as  3-083  ft 

Obtain  6.  Follow  the  procedure  given  on  ES-115j>  page  3-45. 
From  ES-115>  page  3-47;  case  b applies. 

jf 

7 Efj 
1.42 


5=1  + 
f = 


P 


3.083 

0.461 


= 0.461 


= 0.677 


0.681 

If  jf 

7 Ef_ 

6=1+  0.068  = 1.068 


When 


= 0.1 
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When  I—  E 


1 


\J  Ef 
5 = 1 + 0.677  = 1.677 


bd  bd 

, — > — , the  conduit  is  classed  as  a posi- 


Classify--Since  b^ 
tive  projecting  conduit. 

Determine  subclassification  of  conduit  from  ES-117;  page  3-57. 
6p  (min)  = (1.068) (0.68l)  = 0.727 
Sp  (max)  - (1.677) (0.681)  = 1.14-2 
He 

— (min)  = 1.74 
°c 

He 


(max)  =2.13 


He 

hr 


18.4 

3.063 


= 5.968 


Hc  He 


Since  — > — , conduit  is  classed  as  incomplete  condition, 

)tain  Cp  from  ES-118,  page  3-63* 

H. 


2Kp 


b, 


2.27 


2KpSp  = 0.276 

2KpCp  = 4.07 

Cp  (min)  = =10.71 

2Kp6p  = 0.434 
2KpCp  =4.51 

Cp  (max)  = = H.87 

Obtain  Xp  from  ES-120,  page  3-74,  Xp  = 0.450 

Obtain  T from  ES-121,  page  3-79>  T =3*52  (for  cradles) 

Solve  for  Fsr  = CpXp  - KT 

Fsr  (min)  - (10.71) (0.45)  - (0.31) (3.52)  = 3-73 

Fsr  (max)  = (II.87 ) (0.45)  - (0.31) (3.52)  = 4.25 

Note  that  the  range  of  Fqr.  values  are  small  compared  to  the  large 

range  m — — values. 

& 7 Ep 

Select  pipe  (ES-119,  page  3-67). 


s7Fsr  (max)  = (l) (110) (4.25)  = 468 
A class  III,  wall  B,  pipe  is  selected. 


s7Fsp  - 508.1 
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When  the  actual  value  of  bc  for  the  selected  type  of  pipe  is  not 
equal  to  the  assumed  value,  the  solution  should  he  repeated.  The 
actual  value  of  bc  is  used  in  the  repeated  solution  which  deter- 
mines whether  -^sp  is  greater  than  or  equal  to  Fsr. 


Example  No.  3 


Given:  1.  A 30-inch  pipe  with  type  B1  concrete  bedding  (bottom  width 

of  2.8  ft)  is  proposed  for  installation  through  a dam.  The  conduit 
is  not  installed  in  a ditch. 


2.  The  embankment  material  has  a unit  weight  7 = 110  lbs/ft3, 
an  angle  of  internal  friction  <t>  of  32°,  and  a modulus  of  consolida- 
tion E of  26  tons/ft2. 


7>.  The  foundation  material  has  an  angle  of  internal  friction  <t> 
of  26°,  a unit  weight  7^  of  90  lbs/ft3,  a modulus  of  consolidation  E 
of  32  tons/ ft2,  and  extends  to  a rock  layer  which  is  7*1  ft  below  the 
concrete  bedding. 


The  distance  pbQ  =2.01  ft  and  fbc  = 1.11  ft. 

5.  The  height  of  fill  above  the  top  of  the  pipe  is  l8.4  ft. 

6.  Consider  0.01-inch  crack  permissible  for  safe  design  of  rein- 
forced concrete  pipe. 


Determine : Type  of  R/C  pipe  that  may  be  used. 


Ha  Ha 
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Solution: 

List  data  (ES-117,  pages  3~7l  and  3-72) 

7 = 110  lbs/ft3 

From  ES-117,  page  3-73;  Kp  = 0.19;  K = 0.31 
s = 1.0 

Follow  the  procedure  on  ES-113;  page  3-37* 

Assume  bc  = 3*083  (for  wall  B,  ASTM  Spec.  C76-57T) 

Obtain  6.  Follow  procedure  on  ES-115;  page  3-75 • 

From  ES-115;  page  3-77  case  c or  case  d exists. 

Since  the  bottom  width  of  the  rigid  bedding  is  less  than  b use 

b = bc 
b = 3.083 

Solve  for 


5 (case  c) 


1 + 


1 + 


f 

P 


~Zf  _E 
7 Ef_ 

JL  Kp 

7 Ef  Kppp 


E _ 26  _ „ Ol7 

Ef  ~ 32  ~ °‘8l5 


7f  _ 90 
7 HO 


0.8l8 


JL 

7 Ef_ 

f fbc 

P “ pbc 


- (O.818) (0.813)  = 0.665 

= = 0.052 

2.01  ^ 


From  ES-117,  page  3-73;  Kfpf  = 0.19, 
5 (ease  e)  L+.j0.6g)(0.5&  = 0-8al 

Find 

b 

2.01  ^ 
p =Fo8j  = °-652 

5p  = (0.821)(0.652)  = 0.535 

hlL 

From  ES-115,  page  3-51;  = 1.51 


Kp 

KfMf 


0^12  _ 

0.19  ~ 


Is  Hf 


< H, 


_Kp_ 

Kf  Pp 


? 
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4 = (l.5i)(3.083)  = 4.65 
jj^  4 = (i)(4.65)  = 4.65 
Ef  = 7-1  ft 

Since  H-p  > ■ ^ Hi,  depth  is  sufficiently  great  and  case  c 
exists. 


5 = 0.821,  5p  = 0.535 


Classify--ES-117.>  page  3-59. 

bd  13  d 

Since  b^  = 00,  — > — , conduit  is  classed  as  positive  projecting, 

tc  tc 


Determine  subclassification. 


5 

b. 


18.4 

3.083 


5.97,  From  ES-117 ; page  3-57, 


Hr 


He 


Since  — > — , incomplete  condition  exists. 


br 


1.51 


Obtain  C-, 


2Kji 


Hr 


= (0.38)(5-97)  = 2.27 


2Kp8p  = (0.38)(0.535)  = 0.203 

From  ES-118,  page  3-83 

2K|iCp  = 3-78 

c _ 3J8  _ 

Lp  0.38  y-y:3 

Obtain  Xp  from  ES-120,  page  3-75. 

Xp  = 0.65 

Obtain  T from  ES-121,  page  3-8l. 
T = 2.28 


Solve  for 

Fsr  = CpXp  — KT 

= (9.95X0.65)  - (0.31X2.28) 

= 5.76 

Select  pipe  from  ES-119*  pages  3-67;  3-69^  and  3-71* 
s7Fsr  = (1)(110)(5.76)  = 634 

Any  pipe  having  a value  of  s7FSp  > s7Fsr  is  satisfactory. 

A class  IV,  wall  B,  pipe  is  selected. 

If  a wall  A or  wall  C is  selected,  the  solution  is  repeated 
using  the  correct  value  of  bc. 
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Example  No . 7 

Given:  1.  A 36-inch  extra  strength  clay  pipe  (ASTM  Spec.  C200-55T)  is 

proposed  for  installation  in  a ditch  which  is  12  ft  wide. 

2.  The  depth  of  the  ditch  to  the  top  of  the  conduit  is  17  ft. 

3.  The  ditch  is  excavated  in  a clayey  material  having  a unit 
weight  7f  = 100  lbs/ft3,  a modulus  of  consolidation  E-p  of  30  tons/ft2, 
and  angle  of  internal  friction  4>d  of  20°.  Borings  show  that  the 
clayey  material  is  essentially  uniform  down  to  a rock  layer  25*3  ft 
below  the  surface  of  the  ground. 

7.  The  material  used  for  backfill  is  a loess  soil.  Tests  show 
that  when  the  backfill  material  is  compacted  to  the  required  density 
it  has  a unit  weight  7 of  100  lbs/ft3,  an  angle  of  internal  friction 
$ of  26°,  and  a modulus  of  consolidation  E of  12  tons/ft2. 

5.  The  distance  pbc  = 2.7  ft  and  fbc  = 1.0  ft. 

6.  Use  a factor  of  safety  s of  1.5. 

Determine : The  type  of  bedding  that  may  be  used. 


Solution: 

List  data  (ES-117,  pages  3~7l  and  3-72) 
7 = 100  lbs/ft3 

bd  =12.0  ft 

For  the  ditch  wall  material  4>f  = 20° 
From  ES-117,  page  3-73 > d-f  = 0»37 
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For  the  backfill  material  <t>  = 26° 

From  ES-114,  page  3~k-3,  p = 0.48,  K = 0.38,  Kp 


0.19 


Since  the  ditch  vail  material  has  the  smallest  value  of  p,  p* 

and  Kp‘  = (0.38)(0.37)  - 0.l4l 


s = 1.5 

From  ES-119,  page  3-71; 
2.4 

= 0.707 


bc  = 3*398  ft 


0 3.396 

Follow  the  procedure  in  ES-113,  page  3-38. 

Obtain  5.  Follow  procedure  on  ES-115,  page  3-45. 

From  ES-115,  page  3-46,  either  case  c or  case  d exists, 
b = bc  = 3*396  ft 

Solve  for 


1 + 


5 (case  c)  = 


Zi  Ji 

7 E 


fj 


P 


1 + 


7_f_  JE_ 
7 Ef 


Kp 

KfPf 


Zf 

7 

E 


100 

100 

12 


= 1 


^ ^ = o.40 


E 


f 


30 


Zl  JL 

7 Ef 


= 0.40 


From  ES-114,  page  3-43;  K-^p^  = 0.178 

P-.19  _ n o6? 

0.178  “ 1,0br 


K-^p^ 

f _ 1^0 
P ~ 2.4 


= 0.417 


5 Cease  c)  - 1 + (0.^0) (0.917)  _ 1.167  _ go 
5 (.case  c)  1 + (1.067) (0.40)  ~ 1.427  " °-°1S 

hlL 

Find  — from  ES-115,  page  3-51* 

5o  = (0.8l8) (0.707 ) = 0.578 
H<L 

V = !-57 


15  % < ^ ? 

4 = (l-57)(3.396)  = 5.332  ft 
% = (1.067) (5. 332)  = 5.689 


= 0.37 
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Hf  - 4.9  ft 

Hf  < 5.689  (shallow  depths  case  d exists) 

Compute  2Kppi  1 + y | = (0.38)(0.707)[l  + (0.4l7)(0.40)] 
^ L J = 0.31^ 


Compute  2Kp 


7f  E ! H 


4.9 


J Ef_ 

Obtain  to  from  ES-115;  page  3-49* 


f = (oAo) (0.38)  335  - 0.219 


to 


= 0.61 


4 

Compute  -g-  = 2KU 


CO 


0.61 

0.38 


= 1.605 


From  ES-115>  page  3-51;  obtain  5p  = 0.6l 
5 


_ M _ 0 • ljl  = 0.863 


P 0.707 

Determine  classification  from  ES-117;  page  3-59* 

— - 5.006 

b. 


b, 


3.396 


12.0 

3.396 


= 3.53 


b * u 

From  ES-117;  page  3-59;  ^ = 2.43,  ^ 

bd  bd 

— > — , therefore,  the  conduit  is  classed  as  a positive  pro- 
c c jecting  conduit. 

Determine  subclassification  from  ES-117;  page  3-57* 

He 

— - 1.605 


Hc  He 

— > — , therefore,  the  conduit  is  classed  as  incomplete 
c c condition. 


Obtain  Cp  from  ES-118,  page  3-63. 

2Kp.5p  = 0.2318,  2Kp(Hc/bc)  = I.902 
2KpCp  = 3.23 

cp  = 8.49 

From  ES-119,  page  3-71,  obtain  s7Fsp  = 744.5,  Fsp  = -j 

= 4.963 

From  ES-121,  page  3-8l,  obtain  T = 2.24  (for  beddings) 

Let  Fsr  = FSp 

Solve  for  Xp  for  bedding 

_ Fsr  +■  KT  _ 4.963  + (0.58)(2.24) 

" Cp  ~ 8.492  °-b°5 

Select  bedding  from  ES-120,  pages  3-75  and  3-76. 
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Any  bedding  having  a value  of  Xp  equal  to  or  less  than  the  calcu- 
lated value  is  allowable.  A type  B1  (concrete  bedding)  may  be  used. 


Example  No . Q 

Given:  1.  A 24rinch  class  IV,  wall  A,  R/c  pipe  (ASTM  Spec.  C76-57T)  is 

proposed  for  installation  on  a concrete  cradle  which  rests  on  rock. 
There  is  no  foundation  material  adjacent  to  the  pipe  or  cradle.  The 
conduit  is  not  installed  in  a ditch. 

2.  The  distance  pbc  is  4.77  ft. 

3.  The  embankment  material  has  an  angle  of  internal  friction  $ 
of  30°  and  a unit  weight  7 of  110  lbs/ft3. 

4.  The  proposed  height  of  fill  above  the  conduit  is  20  ft. 

5.  Consider  0.01-inch  crack  in  the  R/C  pipe  satisfactory  for 
design. 

Determine : Type  of  cradle  that  can  be  used. 


Solution: 

List  data  (ES-114,  pages  3-4l  and  3-42) 

7 = 110  lbs/ft3 

From  ES-119,  page  3-67*  bc  = 2.417  ft 

From  ES-114,  page  3-43 , K = 0.333;  Kp  = 0.19 

s = 1 
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p = = 1-974 

Follow  procedure  on  ES-113.  page  3-38. 

Obtain  5. 

Follow  procedure  on  ES-115.  page  3-45* 

From  ES-115,  page  3-47.  case  a exists,  and  5 = 1.0. 

Determine  the  classification  from  ES-117.  page  3-59- 
bd  bd 

Since  h = °o,  — > — , conduit  is  classed  as  positive  projecting 
conduit . 

Determine  the  subclassification  of  the  conduit  from  ES-117.  page  3-57- 


5p  = (1. 974)(1.0)  = 1-974 


Hr 


20.0 

2.417 


= 8.27 


Hc  ^ ^ 


Since  : — > : — , the  conduit  is  classed  as  the  incomplete  condi - 

4.-  bc  bc 
tion.  u 


Obtain  Cp  from  ES-ll8,  page  3-63* 
2KUSp  = (0.38) (1-97^)  = 0.750 
2Kti(Hc/bc)  = (0.38)  (8.27 ) = 3- 143 
From  chart 


2K|iCp  = 7.65 

n — 7_-6j?  _ pQ  -1 J, 

P " 0.38  “ 

Obtain  Fsp  from  ES-119,  page  3-67.  s7Fsp  = 979-8,  Fsp  = 


= 8.907 


Obtain  T from  ES-121,  page  3-79.  T = 5-59  (for  cradles) 

F + KT 

Let  Fsp  = Fgr  and  solve  for  Xp  = ^ 


x = 8.907  + (0.333)(5.59) 
1)  20.14 


= 0.535 


Select  cradle  from  ES-120,  page  3-74. 

Any  cradle  having  a value  of  Xp  less  than  0.535  is  allowable. 
Type  A3  cradle  (Xp  = 0.50)  is  satisfactory. 


Example  No.  6 


Given:  1.  A 24-inch  standard  strength  R/C  (3500  psi)  culvert  pipe  is 

proposed  for  installation  through  an  earth  dam. 
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2.  The  proposed  maximum  height  of  embankment  above  the  top  of 
the  conduit  Hc  at  Sta  1+50  is  20.8  ft  and  the  distance  pbc  is  0.3  ft. 

At  Sta  1+67  Hc  = 19  ft  and  pbc  = 1.8  ft. 

3.  Consider  that  0.01-inch  crack  of  the  R/C  culvert  is  permis- 
sible for  safe  design. 

4.  The  foundation  material  has  an  angle  of  internal  friction  $p 
of  30°,  a modulus  of  consolidation  Ep  of  30  tons/ft2,  and  a unit 
weight  7p  of  120  lbs/ft3.  The  material  is  uniform  down  to  a rock 
layer  which  lies  8.4  ft  below  the  bottom  of  the  conduit. 

5.  When  compacted  to  required  density,  the  embankment  material 
has  a unit  weight  7 of  120  lbs/ft3,  an  angle  of  internal  friction  4> 
of  40°,  and  a modulus  of  consolidation  E of  26  tons/ft2. 

6.  The  value  of  b for  cradles  is  4 ft  and  for  beddings  is  2.5  ft. 

Determine : Types  of  beddings  or  cradles  that  may  be  used. 


Solution: 

List  data  (ES-114,  pages 
7 = 7f  = 120  lbs/ft3, 

From  ES-119>  page  3-89, 
From  ES-114,  page  3-43 , 
s = 1.0 


3-41  and  3-42) 


bc  = 2.5  ft 

K = 0.22,  Kp  = O.I83  for  <t>  = 40° 


0.3 

2.5 


=0.12  for  Sta  1+50 


P 
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P 


1.8 

2.5 


0-72  for  Sta  1+67 


Follow  procedure  on  ES-113*  page  3-38. 

Obtain  5. 

Follow  procedure  on  ES-115*  page  3-^5* 

From  ES-115*  page  3-47;  either  case  c or  case  d exists. 


Solve  for 


1 + 


S (case  c)  = 


JL 

7 E 


f 


f 

P 


1 + 


h jl 

7 Ef 


Ku 

KfPf 


E 26  o, 
17  = 30  = °-867 


From  ES-114,  page  3-43j  Kp(ip  = 0.19  when  4>  = 30° 


_mi_ 

KpPp  0.19 


= 0.963 


1 + 


7f  _E_ 
7 Ef 


Kp  \if 


1 + (l) (0.867 ) (0.963)  = 1.834 


Since  several  values  of  5 (case  c)  must  be  determined,  prepare 
columns  1 to  13  of  table  on  page  3-22. 


Column  1 lists  the  station  considered. 


Column  2 lists  arbitrarily  selected  types  of  bedding  or  cradle 
under  consideration. 

Column  3 lists  values  of  ty.  Values  of  f are  obtained  from  the 
distance  fbc.  For  type  B1  bedding  and  for  all  cradles,  it  is  the 
distance  between  the  natural  ground  and  the  bottom  of  the  bedding 
or  cradle.  Types  B2,  C,  and  D beddings  would  not  be  used  for  a 
conduit  through  a dam.  Use  minimum  values  for  thickness  of 
bedding  and  cradles  under  the  conduit  (ES-120,  pages  3-74  and  3-75). 

Column  4 lists  values  of  p. 


Column  5 lists  values  of  Hp.  The  distance  Hp  is  measured  from 
the  bottom  of  the  cradle  or  rigid  bedding  to  the  nonyielding 
foundation  material.  Hp  = 8.233  ft  for  B1  bedding.  Hp  = 7*90  ft 
for  cradles  (ES-120,  pages  3-74  and  3-75)* 


Column  6 
Column  7 


I f\ 

— is  column  3 divided  by  column  4. 


Zl  A 

7 Ef 


L 


f 


is  the  product  of  column  6 and 


y_s  il 

J e£T 


Column  8 lists  5 (case  c). 


Column  9 (Sp)  is  the  product  of  column  8 and  column  4. 


if 
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Column  10  lists  values  of  H<L/b  obtained  from  ES-115,  page  3-51,  for 
values  of  5p  shown  in  column  9 and  for  the  given  value  of  Kp . 

Column  11  (Hg)  is  the  product  of  column  10  and  b = 2.5  ft  or 
b = 4.0  ft. 

Column  12  Hl|  is  the  product  of  column  11  and  . 

* Kfpf 

Column  13  lists  the  case  for  the  determination  of  5. 

When  r-^1  Hi  ^ H-p  , case  c exists. 

Kf Pf  ^ 1 

When  Hi  > Hr,  case  d exists. 

Kpdp 

When  case  c is  determined  in  column  13,  the  desired  values  of  5 are 
given  in  column  8.  If  case  d is  determined  in  column  13,  the  de- 
sired values  of  5 are  determined  by  the  procedure  for  case  d. 


The  conduit  is  not  installed  in  a ditch,  therefore,  it  is  a positive 
projecting  conduit. 

The  subclassification  is  determined  by  preparing  columns  14  and  15  of 
the  table  on  page  3-22. 

Column  14  lists  values  of  Hc/bc. 

Column  15  lists  classification  by  comparing  column  l4  with  column 
He  Hi 

10  since  — = — . 

bc  b 

Hc  He 

When  — ^ — , complete  condition  exists. 
bc  bc  3 

Hc  Hg 

When  — > — , incomplete  condition  exists. 

The  remainder  of  the  solution  is  made  by  preparing  columns  16  through 
24  of  the  table  on  page  3-22. 


From  ES-119,  page  3-69,  FSp  = 5.724. 

Column  16  lists  the  value  of  T (ES-121,  pages  3-79  and  3-8l) 

Column  17  lists  values  of  2KpSp. 

Column  l8  lists  values  of  2Kp(Hc/bc). 

Column  19  lists  values  of  2KpCp  (ES-118,  page  3-63) 

Column  20  (Cp)  is  column  19  divided  by  2Kp . 

Column  21  (KT)  is  the  product  of  column  16  and  K. 

Column  22  (Fsr  + KT)  is  Fsr  plus  column  21  (when  Fsr  = FSp). 

Column  23  (Xp)  is  column  22  divided  by  column  20. 

Column  24  gives  permissible  beddings  and  cradles.  A bedding  or 

cradle  is  permissible  when  the  value  of  Xp  in  column  23  is  equal  to 

or  greater  than  the  value  of  Xp  for  the  particular  bedding  or  cradle 
(ES-120,  pages  3-74  to  3-76). 


If  it  is  desirable  to  use  the  same  type  of  cradle  throughout  the 
length  of  the  conduit,  a type  A1  cradle  is  required. 
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Example  No.  7 

Given : 1.  A 27-inch  class  III,  wall  B,  R/C  pipe  (ASTM  C76-57T)  is  pro- 

posed. for  installation  through  an  earth  dam.  The  conduit  is  not  in- 
stalled in  a ditch. 


2.  A type  B1  bedding  is  proposed  for  use.  The  bottom  width  of 
the  bedding  is  3*0  ft. 


3.  The  distance  pbc  is  1.75  ft. 

7.  The  distance  fbc  is  1.05  ft. 

5.  The  embankment  material  has  a unit  weight  7 of  120  lbs/ft3 
and  has  an  angle  of  internal  friction  <t>  of  30°. 


6.  The  foundation  material  is  a layer  of  clayey  soil  over  a non- 
yielding layer.  The  distance  from  the  bottom  of  the  B1  bedding  to 
the  nonyielding  layer  is  2.1  ft.  The  angle  of  internal  friction  of 
the  clay  is  4>p  = 20°. 


7. 

0.20  < 


Assume  that 


If  _E_ 
7 Ef 


< 2.0. 


ll  A 

7 Ef_ 


will  fall  within  the  range  of 


8.  Consider  0.01-inch  crack  in  the  conduit  permissible. 


Determine:  The  allowable  height  of  fill  Hca. 


Embankment  material 

7 = 120  lbs /ft3 
♦ = 30° 


aJ 

o 

in 


7 


Solution: 


List  data  (ES-114,  pages  3-4l  and  3-42) 

7 = 120  lbs/ft3  % 

From  ES-119j»  page  3-67 , bc  =2.5  ft 

From  ES-114,  page  3-43,  K = 0.333,  Kjj.  =0.19 

s = 1.0 


P 


2.5 


0.70 


Follow  procedure  on  ES-113,  page  3~39* 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-^5* 

From  ES-115,  page 3-47,  case  c or  case  d exists. 


b = 3.0  ft 

Solve  for  5 (case  c) 


= 

f 

P = 


1.05 

2.5 

0.42 

0.70 


0.42 

0.60 


From  ES-114,  page  3-43,  Kp[ip  = 0.178 

_ 1 o67 

KfMp  0.178  -L’06' 


When 


II  A 

7 Ef 


= 0.2 


5 f case  c)  - -1  ± (0-20)(0,60) 
b (case  c;  - — (o.20)(1.067) 


= 0.923 


H’ 


Find  — from  ES-115,  page  3-51 
bp  = (0.923)(0.70)  = 0.6461 


H * 

Y = 1*66  and  e£  = (1.66) (3-0)  = 4.98  ft 


Is  Hf  < H<L 


Kp 


V 


^ 4 = (1.067)0.98)  = 5-31 


Ef  = 2.1  ft 


Hf  < 


Ku 

Kfiif 


therefore,  foundation  is  of  shallow  depth  and 
case  d exists. 


Zl  Jl 

7 Ep 


(O.38)(0.7)[l  + (0.6)(0.2)j 
0.298 


Compute  2Kpp 
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Compute  2Kp 


ll  A 

7 Ef 


^ = (0.38)(0.2)  = 0.0532 


Obtain  oj  from  ES-115*  page  5-49  • 

m = 0.66 

, ^e  co  0.66 
Compute  T = — = q-^q  = 1.737 

From  ES-115,  page  3-51 * obtain  5p  = 0.72 
_ 5q.  _ 0.72 


Solve  for  5 = 
When 


y_f_  JL 
7 Ef 


P 

= 2.0 


0-7 


= 1.03 


Find  5 (case  c)  = p + (Ioj(Io67)  = °'102 
He 

Find  — from  ES-115,  page  3-51 

Sp  = (0.702)  (0.70)  = 0.491 

HI 

Y = 1.45  and  Hg  = (1.45) (3-0)  = 4.35  ft 


Kp 

Kf  [if 


h<L  = (1.067 ) (4.35)  = 4.641 


Hf  = 2.1  < 4.641,  therefore,  foundation  is  of  shallow  depth 

and  case  d exists. 


Compute  2Kpp  | 1 + 


7f  E 


7 E 


£j 


fj>=  (0.38)(0.7)[l  + (0.6)(2.0) 


= 0.585 


Compute  2Kp 


7f  E 


7 E 


£j 


Hf 

b 


= (0.38) (2.0) 


2.1 

3.0 


= 0.532 


Obtain  w from  ES-115,  page  3-49 
w = 0.72 


Compute 


Hi 


GJ 


0.72 


1.89 


b 2Kp  0.38 
Obtain  Sp  from  ES-115,  page  3-51. 


Sp  = 0.87 


Compute  5 


= & = gli  = usk 


0.7 
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Assume  that  classification  is  positive  projecting  conduit,  incomplete 
condition. 


If 

7 Ef_ 


0.2 


From  ES-119?  page  3-67?  obtain  FSp  = 5*152 
From  ES-120?  page  3-77?  obtain  Xa  = O.588 
From  ES-120?  page  3-75?  obtain  Xp  = O.65 
Solve  for 

eX  - x = 2Kp5p  + 1 = (0.38) (0.72)  + 1 = 1.274 
From  ES-123?  page  3-87?  obtain  x = 0.659 
Solve  for 

ex  - ( ex-  x)  + x = 1.274  + 0.659  = 1.933 

Solve  for  (t~)  by  Eq.  3-8. 


5.152  + (0.5)(0.333)(0.7)2(0.588)  + [(o.659)(l*933)  - 1*933  + 1] 

(1.933) (O.65)  - (0.333) (0.7) (0.588) 


5.152  + 0.048  + 0.583 
1.256  - 0.137 


5.168 


Subclassify 


He 


From  ES-117,  page  3-57?  = 1*74 

Dc 


Since 


H, 


ca 


He 

> — ? incomplete  condition  exists. 
°c 


Since  b^  = 00 
bd  Id 

— > - — and  conduit  is  classed  as  positive  projecting  conduit, 
^c  bc 


Hc a = (5-l68)(2.5)  = 12.92  ft 


For 


Zf  J_ 

7 Ef 


2.0 


Values  of  FSp?  Xa?  and  Xp  are  unchanged. 
Solve  for 

eX-  x = 2Kp6p  + 1 = 1.331 
From  ES-123?  page  3-87?  obtain  x = 0.717 
Solve  for 

ex=  ( ex-  x)  + x = 1.331  + 0.717  = 2.048 
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Solve  for 


by  Eq. 


3-8. 


(*Ce\ 

5.152  + (0.5)(0.333)(0.7)2(0.588)  + 

[(0.717) (2.048)  - 2.048  + l] 

Uj 

1 " (2.048)(0.65)  - (0.333)(0.7)(0.588) 

O 

5. 152  + 0.048  + 0.718 
1.331  - 0.137 


4.956 


Subclassify 


He 


From  ES-117;  page  3-57 > r = I.89 

bc 


H 


Since 


ca 


He 


> — , incomplete  condition  exists  as  assumed. 

n / ^ C 


Since  b^  = 00 
bd 

— > — and  conduit  is  classed  as  positive  projecting  conduit. 
bc  bc 


Hca  = 0-. 956)  (2-5)  = 12.39  ft 


Note  the  small  difference  in  values  of  Hca  on  using  values  of 
7f  E 


7 Ef 


of  0.2  and  2.0. 


Example  No . 8 

Given:  1.  A 24-inch  standard  strength  concrete  sever  pipe  (ASTM  Spec. 

C14-55)  is  proposed  for  installation  in  a 5*5  ft  ditch. 

2.  A type  A2  cradle  vith  a bottom  vidth  b of  3*52  ft  is  to  be 
used.  The  type  of  construction  used  will  give  a load  factor  of  2.6 
if  the  classification  is  dptch  conduit. 

3.  The  distance  pbc  is  1.25  ft,  the  distance  fbQ  is  1.6  ft,  and 
Up  is  10.0  ft. 

4.  The  excavated  material  is  used  for  backfill  and  has  a unit 
weight  7 of  120  lbs/ft3  and  an  angle  of  internal  friction  $ of  30°. 

5.  Use  a safety  factor  s of  1.5. 

is  1. 


Determine : The  allowable  fill  height  Hca. 


6.  The  value  of 


_E_ 
7 Ef 
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i 


Solution: 

List  data  (ES-114,  pages  3“4l  and  3-42) 

7 = 120  lbs/ft3 

From  ES-119.>  page  3-71  > bc  = 2.354 

From  ES-114,  page  3-43,  K = 0.333*  Kp  =0.19 

s = 1.5 

p “ 2.354  ~ 0,551 


Follow  procedure  on  ES-113*  page  3~39* 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-45* 

From  ES-115,  page  3-47*  either  case  c or  case  d exists. 


b = 3.52  ft 

Solve  for  8 (case  c) 


8 (case  c)  = V3(li(i)8^  = 1.14,  Sp  = (l.l4)(0.53l)  = 0.605 

Hi 

From  ES-115,  page  3~51*  obtain  — = 1.60 
< = (1.6)(5.32)  = 5-632 
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He  = 5-632 

Hf  > 4 ^ 


KfMf  ' 

5 = 1.1k,  5p  = 0.605 


case  c exists 


Assume  classification  is  positive  projecting  conduit,  incomplete 
condition. 

From  ES-119>  page  3-71*  obtain  s7FSp  = 619.8 

619.8  = . . 

*sp  (120)  (1.5) 

From  ES-120,  page  3-74,  obtain  Xp  = 0.450 
From  ES-120,  page  3-77  > obtain  Xa  = O.85 
Solve  for 

ex-  x = 2K|j.Sp  + 1 = (0.38) (0.605)  + 1 = 1.230 


From  ES-123,  page  3-87 > obtain  x = 0.609 

Solve  for  0X=  ( 0X—  x)  + x = 1.230  + 0.609  = I.839 

Solve  for  by  using  Eq.  3-8 


3.443  + (0.5)(0.333)(0.53l)2(0.85)  + [(0.609)(i.839)  ~ 1*839  + 1] 

(l.839)(0.45)  - (0.333)(0.531)(0.85) 


3.443  + 0.040  + 0.333 
0.828  - 0.150 


5.628 


Subclassify 


From  ES-117,  page  3~57>  7—  = 1.60 

Dc 


H 


Since  ~ , classification  is  incomplete  condition. 


o 


Hr 


is 


fH, 

ib. 


= 5.628 


From  ES-117 ) page  3-59 > (p^)  =2.51 


b 


— = -3*3  _ p xxx 

bc  2.354  " ^ 


bd 


V 
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Assume  classification  is  ditch  conduit. 

Since  the  excavated  material  is  used  for  backfill  |i*  = (j. , 
Lf  = 2.6 

From  ES-119,  page  3-71*  Reb  = 24-00  lbs/ft 
Solve  for 


= UReb  = 12. 6)  (2400)  = 4l6o 

U.  o 1.5 


^ S 
Let  Rd  = Wca 
Solve  for 
W, 


H rbd2  (120)(5.5)2  1,146 

H, 


4-160 


From  ES-118,  page  3-61,  — — = 1.60 


5c 


Solve  for 


HCa 

M 

vm2  ' 

Hd 

\M 

H 


•ca 


/H 


b. 


< 


■ca  I 


b 


From  ES-117*  page  3-59  .>  obtain 


^d 


= 2.25 


5c 

b, 


>i? 


Hoa  bd  bd 

From  ES-117>  page  3-59;  obtain  2Kp  — - — by  using  — = 2.336  for  - — 

bC  C*C 

Hca 

2Kp  = 1.672 


Hca=  2Kpl 


H 


ca 


b. 


bQ ) 2Kll 


= (1.672)  = 10.558  ft 


Example  No.  9 

Given:  1.  A 72-inch  standard  strength  (3500  psi)  R/C  culvert  pipe  on 
type  B1  bedding  is  proposed  for  installation  in  a 10  ft  ditch 
(bd  = 10.0  ft).  If  the  conduit  is  classed  as  a ditch  conduit,  use 

Lf  = 1.9. 


2.  The  excavated  material  is  used  for  backfill  and  has  a unit 

weight  7 of  14-0  lbs/ft3  and  an  angle  of  internal  friction  <J>  of  29°. 
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3.  The  distance  pbc  is  6. 50  ft. 

4.  The  foundation  material  is  rock  and  there  is  no  foundation 
material  adjacent  to  the  pipe. 

5.  Assume  0.01-inch  crack  in  the  culvert  is  satisfactory  for 
design. 

Determine : Allowable  height  of  fill  Hca. 


Solution: 


List  data  (ES-114-,  pages  3-4-1  and  3-4-2) 
7 = 140  lbs/ft3 


From  ES-119, 
From  ES-114-, 
_ 6.50 

p 7.16T 


page 

page 

0.907 


3-69,  bc  = 7.167  ft 
3-4-3,  K = 0.34-5,  Kp  = 0.19 


Follow  procedure  on  ES-113,  page  3-39 • 
Obtain  6. 

Follow  procedure  on  ES-115,  page  3-4-5* 
From  ES-115,  page  3-4-7,  case  a exists. 
5 = 1.0 


Assume  positive  projecting  conduit,  incomplete  condition. 
From  ES-119,  page  3-69,  obtain  s7FSp  = 183.9 


163.9 

SP  (l)  (14-0) 


1.314- 
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From  ES-120,  page  3-77  > obtain  Xa  = 0.66 
From  ES-120,  page  3-75  > obtain  Xp  = O.65O 
Solve  for 

eX  - x = 2Kp5p  + 1 = (0.38) (0.907) (l)  + 1 = 1.3^5 


From  ES-123;  page  3-87 > obtain  x = 0.730 
Solve  for 

ex=  ( ex-  x)  + x = 1.345  + 0.730  = 2.075 

Solve  for 


/Hc\  1.314  + (0.5) (0.345) (0.907 )2(0.66)  + [(0.730) (2.075)  " 2.075  + l] 

( ' T7jo  = (2.075)(0.65)  - (0.345) (0.907) (0.66) 


1.314  + 0.0937  + 0.753 
1.349  - 0.207 


I.892 


Subclassify 

From  ES-117^  page  3 -57  > 


He 


1.920 


Since 


rH, 


ca 


He 

<7 — > conduit  is  classed  as  complete  condition. 


Compute  U,  Eq.  3~7a 

_ (0.38)(l.3l4)  + (0 . 19 ) (0 . 345 ) (0 . 907 )2 ( 0 . 66 ) + 0.650 


U = 


0.650 


0.499  + 0.036  + 0.650  _ n o0-z 
0.650  ” ^ 


Compute  ^ _ im?jfgj(o,ao7iio--6.6j  = 0.3l8 

Xp  u . 050 


From  ES-122,  page  3-83 > obtain  2Kp 


'H, 


ca 


= 0.72 


H 


ca' 


= 1.895 


From  ES-117*  page  3-59  > obtain  ( — I = 1.77 

/ t \ ■ c/  1 

" < (g)  ’ 


10 


7.167 


= 1.395 


bc  ^ \bc 


1 
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Assume  classification  is  ditch  conduit. 

Since  the  excavated  material  is  used  for  backfill,  Kb* 

Lf  = 1.9 

From  ES-119,  page  3-69^  obtain  Red  = 6600  lbs/ft 
Solve  for 

= ^f..Reb  = (1-9J(.66qQ)  = 12  540  lbs/ft 
^ s 1 ' 

Let  Rd  = Wca  = 12,540  lbs/ft 

Solve  for 

p _ ^ca  _ 12 , 540  _ ~ pn/r 

°d  " rbd2  “ (i4o) (10.0)2  “ 0,896 


Kb 


H, 


From  ES-118,  page  3-61,  obtain  = 1.20 


b. 


H 


ca 


i 


Solve  for 


'H, 


ca 


b, 


tf)  g = (1.20)  ^ = 1-674 


7-167 


dca\  /Rca 

KA 

From  ES-117;  page  3~59;  obtain 

bc  \bc 
Compute 


V 

b„ 


H 


I.65 


Hca  1 b 


cal 


b = (1.674)  7-167  = 12.0  ft 


Example  ho.  10 

Given:  1.  A 24-inch  Class  V,  Wall  B,  pipe  (ASTM  Spec.  C76-57T)  is  pro- 

posed for  installation  on  a type  AL  concrete  cradle.  The  conduit  is 
not  installed  in  a ditch. 

2.  The  distance  pbc  is  2.0  ft  and  fbc  is  1.0  ft. 

3.  The  embankment  material  has  an  angle  of  internal  friction  4> 
of  30°,  a unit  weight  7 of  100  lbs/ ft3,  and  a modulus  of  Consolidation 
E of  25  tons/ft2. 

4.  The  foundation  material  has  a unit  weight  7^  of  90  lbs/ft3, 
an  angle  of  internal  friction  of  20°,  and  a modulus  of  consolida- 
tion Ef  of  30  tons/ft2.  There  is  a layer  of  nonyielding  material  a 
distance  of  11.6  ft  below  the  bottom  of  the  cradle. 


3-3^ 


5»  nsider  0.01-inch  crack  in  the  pipe  as  permissible  for 
design. 

Determine:  The  allowable  height  of  fill  Hca. 


Solution: 

List  data  (ES-114,  pages  3-7 1 and  3-72) 

7 = 100  lbs/ft3 

From  ES-119,  page  3-67,  bc  = 2.5  It 

From  ES-117,  page  3-73,  Kp  = 0.19,  K = 0.533 

s = 1.0 


Follow  procedure  on  ES-113,  page  3-39* 

Obtain  5. 

Follow  procedure  on  ES-115,  page  3-^5  • 

From  ES-115,  page  3-77,  case  c or  case  d exists. 

b = 3.0  ft 

Solve  for  5 (case  c) 


t _ ^ _ 1 10  _ 

P ~ pbc  ~ 2.0 


yf  _ 90 
7 100 


0.9, 


_E_  _ ££ 
Ef  ~ 30 


0.833, 


7f  E_ 
7 Ef 


% 


= 0.75 
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From  ES-114,  page  3-43*  = O.I78 

i^=S  = i-°6^ 

8 <case  c)  = l3"+'(i?067) (o! 75)  = its?  = °-l6h 

F 

Find^ 


5p  = 0.611 


H4 


From  ES-115*  page  3-51>  ~ = 1.6l 
H * = (l.6l) (3.0)  = 4.83  ft 


Is  Hf  < H^ 


Jl 

K-p|J-£> 


H 


j&L_  _ 


e ^-fHp 

Hf  = 11.6 


(4.83) (1.067)  = 5.154 


H<-  > H’ 


foundation  is  sufficiently  deep,  case  c exists 


f ^ iXe  Kf  9 

Assume  positive  projecting  conduit,  incomplete  condition. 

From  ES-119*  page  3-67^  obtain  FSp  = 13*74 

From  ES-120,  page  3— 77j>  obtain  Xa  = O.766 

From  ES-120,  page  3-74,  obtain  Xp  = 0.40 

Solve  for 

eX-  x = 2Kp5p  + 1 = (0.38)  (0.6ll)  + 1 = 1.232 
From  ES-123,  page  3-87;  obtain  x = 0.612 
Solve  for  6X=  ( 6X-  x)  4-  x = 1.232  + 0.612  = 1.844 
H, 


Solve  for 


ca 


by  Eq.  3-8 


Hca\  13-74  + (0.5)(0.533)(0.8)2(0.766)  + f(0.6i2)(l.844)  - 1.844  + 1] 

~)  = (1.844) (0.40)  - (0.333) (0.80) (0.766) 


= 13-74  ± 0.082  4 0.300  = p6  u, 
0.738  - 0.204 


Subclassify 


He 


From  ES-117>  page  3-57;  obtain  — = 1.6l 


Since 


(K 


•ca 


He 

> — , the  incomplete  condition  exists 


Since  the  conduit  is  not  installed  in  a ditch  b^ 
Conduit  is  classed  as  positive  projecting  conduit 


ca 


(26. ¥0(2. 5)  - 66.1  ft 


Compute  H( 


3-37 


UNDERGROUND  CONDUITS:  Procedure  for  ditch  conduits  or  positive 

projecting  conduits;  Determined i on  of  pipe  when  Hc  and  cradle 
or  bedding  are  known. 


REFERENCE 

U.  S.  DEPARTMENT  OF  AGRICULTURE 

STANDARD  DWG.  NO. 

SOIL  CONSERVATION  SERVICE 

ES-  113 

ENGINEERING  DIVISION  - DESIGN  SECTION 

SHEET  1 OF  3 

DATE  10-18-56 

UNDERGROUND  CON  DU  ITS!  Procedure  for  ditch  corsdui  ts  or 
positive  projecting  conduits;  Determination  of  cradle  or 
bedding  when  Hc  and  pipe  are  known. 


Select  cradle  or  bedding, 
ES-120,  sheets  2 to  ^ It 
is  satisfactory  if  it  has 
a value  of  Xp  equal  to  or 
less  than  the  required 
value . 


REFERENCE 


STANDARD  DWG.  NO. 


U.  S.  DEPARTMENT  OF  AGRICULTURE 


SOIL  CONSERVATION  SERVICE 
ENGINEERING  DIVISION  - DESIGN  SECTION 


ES-  113 

sfieet  2 of  3 

DATE  10-18-56 


>99 


UNDERGROUND  CONDUITS:  Procedure  for  ditch  conduits  or  positive 

projecting  conduits;  Determination  of  allowable  fill  height  Hca  when 
pipe  and  cradle  or  bedding  are  known. 


REFERENCE 

U.  S.  DEPARTMENT  OF  AGRICULTURE 

STANDARD  DWG.  NO. 

ES-  113 

SOIL  CONSERVATION  SERVICE 

ENGINEERING  DIVISION  - DESIGN  SECTION 

SHEET  3 OF  3 

DATE  10- 18-56 

(if 


# 


3-41 


UNDERGROUND  CONDUITS:  Required  data  from  site  dimensions. 


Hc  = vertical  distance  between  top  of  embankment 

(or  backfill)  and  top  of  pipe,  ft.  When  the 
allowable  height  of  embankment  (or  backfill) 
Hca  is  to  be  determined,  the  dimension  Hca 
is  substituted  for  Hc  in  the  load  formulas. 

Hf  = distance  between  the  bottom  of  the  cradle  or 

rigid  bedding  (bottom  of  the  pipe  if  no  cra- 
dle or  rigid  bedding  is  used)  and  the  non- 
yielding foundation.  This  may  also  be  con- 
sidered as  the  depth  of  foundation  material 
below  the  bottom  of  the  cradle. 

b = bottom  width  of  cradle  or  rigid  bedding,  ft. 

If  b < bc,  use  b = bc . 

If  no  cradle  or  rigid  bedding  is  used  b = bc. 

bc  = outside  diameter  of  pipe  (ES-119).  When  the 
type  of  pipe  is  to  be  determined,  a value 
for  bc  is  assumed. 

b£  = actual  width  of  a vertical  walled  ditch  in 

which  the  pipe  is  installed.  When  the  ditch 
is  constructed  with  sloping  sides  or  the  con- 
duit is  placed  in  a subditch  at  the  bottom  of 
a wider  ditch,  experiments  have  shown  that 
the  width  of  the  ditch  at  or  slightly  below 
the  top  of  the  conduit  is  the  proper  width  to 
use  to  determine  the  load  on  the  conduit. 


pbc  = the  distance  between  the  top  of  the  conduit  and  the  natural  ground  surface  before  any  settling 
has  taken  place 

pbc 

p = projection  ratio.  Determine  p from  the  relation  p = — — 

Pc 


frbc  — For  conduits  resting  on  a yielding  foundation,  the  quantity  is  the  distance  between  the 

surface  of  the  natural  ground  and  the  bottom  of  the  cradle  or  rigid  bedding.  If  the  conduit 
is  installed  on  a flexible  bedding,  the  quantity  ^bc  is  the  distance  between  the  surface  of 
the  natural  ground  and  the  bottom  of  the  conduit.  For  conduits  installed  on  a rigid  support 
resting  on  a nonyielding  foundation,  the  quantity  lfr>c  is  the  depth  of  the  yielding  founda- 
tion material. 


f 


fbc 

— Obtain  the  value  of  f from  the  relation  t = — — • 

fec 


The  natural  ground  surface  is  the  surface  between  the  foundation  material  and  the  embankment  material. 
If  this  is  not  a horizontal  surface,  values  of  pbc  and  bc  that  will  provide  a,  conservative  design 
should  be  selected. 


REFERENCE 

U.  S.  DEPARTMENT  OF  AGRICULTURE 

STANDARD  DWG.  NO. 

ES-114 

SOIL  CONSERVATION  SERVICE 

SHEET  1 OF  3 

ENGINEERING  DIVISION  - DESIGN  SECTION 

DATE  5-1-58 
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UNDERGROUND  CONDUITS:  Required  data  from  soil  tests-other  required  data 


Data  from  Soil  Tests 

<t>  = the  angle  of  internal  friction  of  the  backfill  or  embankment  material.  The  value  of  <t>  may  be 

obtained  by  actual  measurement  or  by  estimation.  Methods  for  the  determination  of  <t>  are  given 

in  the  National  Engineering  Handbook,  Section  7,  Soil  Mechanics.  Values  of  K,  p,  and  Km.  for 
various  values  of  <t>  may  be  obtained  from  ES-lUr,  Sheet  3- 

<t>f  = the  angle  of  internal  friction  of  the  foundation  material. 

<t> 1 = the  angle  of  internal  friction  of  either  the  backfill  material  or  material  in  the  ditch  wall 

according  to  whichever  is  the  lesser.  When  the  angle  of  internal  friction  of  the  ditch  wall 
is  greater  than  the  angle  of  internal  friction  of  the  backfill  material,  <t> ' = 4>  otherwise 
<t>'  = angle  of  internal  friction  of  the  material  in  the  ditch  walls. 


v u + 1 — u 

K = - — ■■ — = ratio  of  active  lateral  pressure  to  vertical  pressure  at  a point  in  the  backfill 

Vp2  + 1 + p material. 

p = tan  $ 

Values  of  K,  p,  and  Kp  for  various  values  of  0 may  be  determined  from  ES-114,  Sheet  3 • 

7 = the  unit  weight  of  the  embankment  (or  backfill)  material,  lbs/ ft3.  The  value  of  y varies  con- 

siderably for  different  types  of  embankment  (or  backfill)  materials.  It  should  be  measured 
or  closely  approximated.  Methods  for  determining  the  value  of  7 are  given  in  the  National 
Engineering  Handbook,  Section  7 , Soil  Mechanics . 

7f  = the  unit  weight  of  the  foundation  material. 

E = modulus  of  consolidation  of  the  backfill  or  embankment  material. 

Ef  = modulus  of  consolidation  of  the  foundation  material. 

_E_  _ Cg(l  + eQ) 

Ef  ” Cc(l  + e'Q) 

where  Cc  = compression  index  of  the  soil 
eQ  = initial  void  ratio  of  the  soil 
Primed  quantities  refer  to  the  foundation  material 

An  approximate  method  of  determining  Cc  is  given  in  Soils  Mechanics  in  Engineering  Practice, 
Terzaghi  and  Peck,  John  Wiley  and  Sons,  page  66. 


Since  this  parameter  does  not  greatly  affect  the  computed  value  of  8>  approximating 
its  value  as  1.0  is  usually  satisfactory. 


yf  E 
_7 


Other  Data 

6 = the  settlement  ratio.  Values  of  8 for  rigid  conduits  may  be  obtained  by  following  the  proce- 

dure on  ES-115. 

s = a safety  factor.  The  safe  supporting  strength  of  pipe  is  the  supporting  strength  of  a pipe 

divided  by  the  safety  factor.  Safety  factors  are  recommended  for  various  types  of  materials. 
Since  the  value  of  R^  for  rigid  pipes  other  than  reinforced  concrete  are  specified  as 
strengths  for  ultimate  loads  a factor  of  safety  of  1.5  or  2.0  may  be  used.  Values  of  R^ 
for  reinforced  concrete  are  based  on  the  load  to  produce  a 0.01-inch  crack  in  the  pipe.  A 
factor  of  safety  of  1.0  is  considered  satisfactory  for  reinforced  concrete  pipe. 
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UNDERGROUND  CONDUIT 


c* 


Compacted  embankment- 


wsm 

Nonyielding  foundation  material 


Conduit  Resting  in  or  on 
Embankment  Extending  to 


^Compacted  embankment 


Nonyielding  foundation  material 

l Support  with  Compressible 
jacent  to  the  Conduit 


The  surface  of  the  nonyielding  foundation  is0n 
tance  between  the  top  of  the  conduit  and  thi 


Since  the  foundation  is  nonyielding,  the  ad< ~ 


7* 


f E 


Cad 


; Compacted  embankment 


; Compacted  embankment:' 


Yielding  foundation  material 


1 - CD 

1 w 

=3. 

H H 

4h 

X 

X 

X 

of  depth  greater  than 


Kp 

K^*P-p 


h' 


iaffa 

Nonyielding  foundation  material 


Natural  ground ACT 


Yielding  foundation  material 


of  depth  less  than  r 


Ku 


w He 
KfPf  e 


Cm 

K 


I f^^nT^rn^TTTT^^TTi^n^rrri^i  i 

Nonyielding  foundation  material 


lelding  Foundation 
Conduit  Resting  oraiow  Depth 


Material  of  Suffi 


8 = 


1 + 

" 7f  e" 
7 'Ef 

1 t 

1 + 

Vf  e] 
.7  EfJ 

Kp 

When  the  value  of  8 has  been  determined  froi 
may  be  obtained  from  the  second  relation. 

Kp 


the  correct  values  of  8 and  Hg  if  Hf  a 


fUf 


ers,  on  the  value  of  Hf.  They  are  determined 
derived  relations : 


'e'°  2K|i (Hg/b ) = 2Kp6p  + 1 
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UNDERGROUND  CONDUITS:  Determination  of  settlement  ratio  8;  Cases 
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Case  a 


Case  b 


The  values  of  5 and  H'  are  determined  from  the  following  two  derived  relations: 


1 + [7f  E‘ 

it 

[7  Ef 

Jp 

1 * b e] 

Kp 

b Ed 

KfUf 

e e - 2Kp(Hj,/b)  = 2Kn6p  + 1 


When  the  value  of  6 has  been  determined  from  the  first  of  these  two  relations,  the  value  of  Hg 
may  be  obtained  from  the  second  relation.  The  values  of  6 and  Hg  determined  in  this  manner  are 


the  correct  values  of  6 and  Hg  if  H-p  ^ 


Kb 


H^.  See  Procedure,  sheet  1. 


Case 


Conduit  Resting  in  or  on  Nonyielding  Foundations  with 
Embankment  Extending  to  the  Nonyielding  Foundation 

The  surface  of  the  nonyielding  foundation  is  considered  as  the  natural  ground  line.  The  dis- 
tance between  the  top  of  the  conduit  and  the  natural  ground  line  is  obc. 


Since  the  foundation  is  nonyielding,  the  additional  settlements  sf  and  sg  are  both  zero,  and 


Case  c 


Nonyielding  foundation  material 


Nonyielding  foundation  material 


Conduit  Resting  on  Nonyielding  Support  with  Compressible 
Foundation  Materials  Adjacent  to  the  Conduit 


The  value  of  6 is  defined  by  the  following  relation 


Conduit  Resting  on  Yielding  Foundation 
Material  of  Sufficiently  Great  Depth 


Yielding  foundation  material 


of  depth  less  than 


Kn 


^TTT^^ITTWTlTSTfn^TniSnTl^TISiraT 


Yielding  foundation  material 
of  depth  less  than 


Nonyielding  foundation  material 


Nonyielding  foundation  material 


Conduit  Resting  on  Yielding  Foundation 
Material  of  Shallow  Depth 

The  values  of  8 and  depend,  among  other  parameters,  on  the  value  of  Hf.  They  are  determined 
hy  the  simultaneous  solution  of  the  following  two  derived  relations: 


- 2Ku(Hg/b)  = 2Ku8p  + 1 


1 +[7f  E" 

f 

[_  7 Ef_ 

p 

r Tf  e 1 

Hf 

Lt 

% 

See  Procedure,  sheet  1. 


Nonyielding  foundation  material 


Lower  plane  of  equal  settlement 


Yielding  foundation  material 


of  depth  greater  than 


Kn 


Kfiif 


H' 


Nonyielding  foundation  material 


Nonyielding  foundation  material 


Lower  plane  of  equal  settlement 
Yielding  foundation  material 
of  depth  greater  than  - ' ^ HL  I 

KfPf  - | 

Nonyielding  foundation  material 
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+ (_7  EfJ  p 


and 

2Ku(Hg/b) 


e - - 2Kp.  (Hg/b ) =2KUBp  + 1 

This  solution  applies  when 

Hf  < 

f ¥f  6 


w = 2KU 


Charts  solve  simultaneously 
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UNDERGROUND  CONDUITS : Determination  of  settlement  ratio  8,  relation  of  and  8 p for  various  values  of  K/x. 


eaKU(H'/b)  _ 2K^(H^b)  = 2KU8p  + i 


When  the 


hy  formula 


value  of  6p  is  "beyond  the  range  of  the  chart,  compute  H^/b 
2Kp  (Hg/b ) then  eX  - x = 2Kji6p  + 1 
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UNDERGROUND  CONDUITS!  Classification  used  for  load  determination 


UNDERGROUND  CONDUITS 

1 

CLASSIFICATION  BASED  ON  CONSTRUCTION  METHODS 


CLASSIFICATION  BASED  ON  RELATIVE  SETTLEMENTS  OF  THE  CRITICAL  PLANE  IN  THE  INTERIOR  AND  EXTERIOR  PRISMS 

I I 


PROJECTION  CONDITION 


DITCH  CONDITION 


— CLASSIFICATION  BASED  ON  RELATIVE  HEIGHT  OF  EMBANKMENT  AND  PLANE  OF  EQUAL  SETTLEMENT 


Plane  of  Equal  Settlement 
Top  of  Embankment 

Top  of  En 

bankment 

Plane  of  Equt 

l 

. I 

il  Settlement 

__ — !_ 
1 
1 
1 

Y///\  \S//^VV//^vwx,\y  [\\Y 
1 

{01 

if 

— 
)/ 

COMPLETE  CONDITION 

INCOMPLETE  CONDITIO?.' 
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UNDERGROUND  CONDUITS: 


"Construction  methods"  wilbettlements"  subclassify  positive  and 
conditions  and  design  requirojecting  conduits  into  either  pro- 

tdition  or  ditch  condition. 


DITCH  CONDUIT 

An  underground  conduit  is  classed  as  a a 
all  of  the  following  conditions  exist: 


2.  The  ditch  is  backfilled  to  an  ele\ 
higher  than  the  top  of  the  conduit  but  n 
the  original  ground  surface. 

3.  The  backfill  is  more  compressible 
in  the  ditch  wall. 


rojection  condition  exists  when 


he  ex- 


ettles  more  than  the  interior  prism 
positive).  For  positive  projecting  con- 
1.  The  conduit  is  installed  in  a sufjdition  occurs  for  all  rigid  pipes.  For 
ditch.  cting  conduits  this  condition  exists  when 

aterial  around  and  above  the  pipe  is  less 
han  the  material  in  the  ditch  wall. 


itch  condition  exists  when  the  interior 


more  than  the  exterior  prism  (8  and  8* 

The  ditch  condition  does  not  occur  for 
The  determination  of  whether  or  not  a dilstalled  as  positive  projecting  conduits, 
ciently  narrow  is  given  by  ES-117,  sheet  for  flexible  pipes  installed  as  positive 

duits . ) For  negative  projecting  conduits 
■it ion  occurs  when  the  backfill  material 

POSITIVE  PROJECTING  CONDUlke  the  pipe  is  more  compressible  than 

p the  ditch  walls. 

An  underground  conduit  is  classed  as  a pq 
ing  conduit  if  all  of  the  following  condi 


1.  The  conduit  is  installed  in  a sufl- 
ditch  or  no  ditch. 

2.  The  foundation  material  under  the 

approximately  the  same  as  the  foundation ight  of  embankment"  subclassifies  all 
adjacent  to  the  conduit.  ms  except  ditch  conduits  and  ditch 

3.  The  compressibility  of  the  materi^  compacted  backfill  into  either  the 
prism  is  approximately  the  same  as  the  m£ition  or  the  incomplete  condition, 
terior  prism. 


The  determination  of  whether  or  not  a diij 
ciently  wide  is  given  by  ES-117,  sheet  2, 


H, 


Hc 


NEGATIVE  PROJECTING  CONDU 


lomplete  condition  occurs  when  - — ^ - — 

bc  h c 

Hc  ] 

Incomplete  condition  occurs  when  — > - 


An  underground  conduit  is  classed  as  a n| 
ing  conduit  if  all  of  the  following  condi 


br 


1.  The  conduit  is  installed  in  a suf 
ditch. 

2.  The  ditch  is  backfilled  to  an  ele 
higher  than  the  natural  ground. 

A ditch  is  sufficiently  narrow  if  the  lo 


height  to  top  of  embankment  from  the  top 
of  the  conduit 

height  to  plane  of  equal  settlement  from, 
the  top  of  the  pipe 

of  equal  settlement  exists  for  ditch  con- 


is  less  than  the  load  on  the  conduit  com 
positive  projecting  conduit  formula. 


, .,  , , , , , , . . , . 1 conduits  with  compacted  backfill,  they 

auit  computed  by  the  negative  projecting,  } J 


REFERENCE 


1TMENT  OF  AGRICULTURE 

SERVATIGN  SERVICE 

DIVISION  - DESIGN  SECTION 


STANDARD  DWG.  NO. 

ES-  116 

SHEET  2 OF  2 
DATE  5-20  -58 


3-55 


UNDERGROUND  CONDUITS:  Classification  used  for  load  determination 


"Construction  methods"  will  class  all  conduits  into  6 primary  divisions, 
conditions  and  design  requirements  as  well  as  construction  methods. 


It  includes  site 


"Relative  settlements"  subclassify  positive  and 
negative  projecting  conduits  into  either  pro- 
jection condition  or  ditch  condition. 


DITCH  CONDUIT 


DITCH  CONDUIT  WITH  COMPACTED  BACKFILL 


An  underground  conduit  is  classed  as  a ditch  conduit  if 
all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow 
ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is 
higher  than  the  top  of  the  conduit  but  not  higher  than 
the  original  ground  surface. 

3.  The  backfill  is  more  compressible  than  the  material 
in  the  ditch  wall. 

The  determination  of  whether  or  not  a ditch  is  suffi- 
ciently narrow  is  given  by  ES-117,  sheet  2. 


POSITIVE  PROJECTING  CONDUIT 

An  underground  conduit  is  classed  as  a positive  project- 
ing conduit  if  all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  wide 
ditch  or  no  ditch. 

2.  The  foundation  material  under  the  conduit  is 
approximately  the  same  as  the  foundation  material 
adjacent  to  the  conduit. 

3.  The  compressibility  of  the  material  in  the  interior 
prism  is  approximately  the  same  as  the  material  in  the  ex- 
terior prism. 

The  determination  of  whether  or  not  a ditch  is  suffi- 
ciently wide  is  given  by  ES-117,  sheet  2. 


NEGATIVE  PROJECTING  CONDUIT 

An  underground  conduit  is  classed  as  a negative  project- 
ing conduit  if  all  of  the  following  conditions  exist : 

1.  The  conduit  is  installed  in  a sufficiently  narrow 
ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is 
higher  than  the  natural  ground. 

A ditch  is  sufficiently  narrow  if  the  load  on  the  con- 
duit computed  by  the  negative  projecting  conduit  formula 
is  less  than  the  load  on  the  conduit  computed  by  the 
positive  projecting  conduit  formula. 


REFERENCE 


An  underground  conduit  is  classed  as  a ditch  conduit 
with  compacted  backfill  if  all  of  the  following 
conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow 
ditch. 

2 . The  ditch  is  backfilled  to  an  elevation  that  is 
higher  than  the  top  of  the  conduit  but  not  higher  than 
the  original  ground  surface. 

3.  The  backfill  is  less  compressible  than  the 
material  in  the  ditch  walls. 

A ditch  is  sufficiently  narrow  if  its  width  is  less  than 
the  value  of  bl  as  computed  by  the  formula 


*d  = 


G-nb 


puc 


IMPERFECT  DITCH  CONDUIT 

An  underground  conduit  is  classed  as  an  imperfect  ditch 
conduit  if  the  following  condition  exists : 

An  unusual  method  of  construction  is  used  to  in- 
sure that  the  material  in  the  interior  prism  immediately 
above  the  conduit  is  sufficiently  more  compressible  than 
the  material  in  the  exterior  prisms.  An  embankment  is 
constructed  in  the  usual  manner  to  a height  1 to  1 1/2 
times  the  width  of  the  conduit  above  its  top.  A trench 
having  a width  bc  and  centered  directly  above  the  con- 
duit is  dug  in  this  constructed  embankment  to  the  top 
of  the  conduit.  The  trench  is  loosely  backfilled  to  the 
top  of  the  trench  and  the  embankment  completed  in  the 
usual  manner. 


CONDUIT  ON  COMPRESSIBLE  BEDDING 

An  underground  conduit  is  classed  as  a conduit  on  .com- 
pressible bedding  if  the  following  condition  exists: 

An  unusual  method  of  construction  is  used  to  in- 
sure that  the  foundation  material  under  the  conduit  is 
sufficiently  more  compressible  than  the  foundation  mate- 
rial adjacent  to  the  conduit.  This  is  accomplished  by 
excavating  a trench  in  the  foundation  material  slightly 
wider  than  the  outside  width  of  the  conduit.  The  trench 
is  backfilled  with  a compressible  material.  The  conduit 
is  installed  on  the  compressible  material. 


1.  The  projection  condition  exists  when  the  ex- 
terior prism  settles  more  than  the  interior  prism 
(S  and  S'  are  positive).  For  positive  projecting  con- 
duits this  condition  occurs  for  all  rigid  pipes.  For 
negative  projecting  conduits  this  condition  exists  whe.-. 
the  backfill  material  around  and  above  the  pipe  is  less 
compressible  than  the  material  in  the  ditch  wall. 


2.  The  ditch  condition  exists  when  the  interior 
prism  settles  more  than  the  exterior  prism  (6  and  6' 
are  negative).  The  ditch  condition  does  not  occur  for 
rigid  pipes  installed  as  positive  projecting  conduits, 
(it  can  exist  for  flexible  pipes  installed  as  positive 
projecting  conduits.)  For  negative  projecting  conduits 
the  ditch  condition  occurs  when  the  backfill  material 
around  and  above  the  pipe  is  more  compressible  than 
the  material  in  the  ditch  walls. 


"Relative  height  of  embankment"  subclassifies  all 
classifications  except  ditch  conduits  and  ditch 
conduits  with  compacted  backfill  into  either  the 
complete  condition  or  the  incomplete  condition. 


llc 

1.  The  complete  condition  occurs  when  r—  § 


H„ 


He 


2.  The  incomplete  condition  occurs  when  — > r— 
£ b,,  bo 


where  Hc  = height  to  top  of  embankment  from  the  top 
of  the  conduit 

He  = height  to  plane  of  equal  settlement  from 
the  top  of  the  pipe 

Since  no  plane  of  equal  settlement  exists  for  ditch  con- 
duits and  ditch  conduits  with  compacted  backfill,  they 
are  not  subdivided. 
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UNDERGROUND  CONDUITS:  Loads  on  positive  projecting  conduits,  projection  condition. 
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See  sheet  3 for  values  of  2Kp  — larger  than  5-0. 
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UNDERGROUND  CONDUITS;  Loads  on  positive  projecting  conduits,  projection  condition. 
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UNDERGROUND  CONDUI 


CLASS  I 

D load  to  produce  0.01-inch  crack  = 800  (3-edge  he 


CLASS  II 

D load  to  produce  0.01-inch  crack  = 1000  (3-edge  bea 


spec.  C76”57T); 


CLASS  V 

produce  0.01-inch  crack  = 3000  (3-edge  bearing  test) 


Internal 

Diameter 

d--in. 

Reb* 

lbs/ft 

Wall 

A 
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Wall 

B 
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3.500 

350.4 

3.667I 

42 

3500 

4.083 

300.4 

4.250 

48 

4ooo 

4.667 

262.8 

4.833- 

54 

4500 

5.250 

233.6 

5.417 

60 

5000 

5.833 

210.3 

6.000 

66 

5500 

6.417 

191.1 

6.583i 

72 

6000 

7.000 

175.2 

7.167 

78 

6500 

7.583 

161.8 

7-750; 

84 

7000 

8.167 

150.2 

8.333 

90 

7500 

8.750 

l4o  .2 

8.917L 

96 

8000 

9-333 

131.4 

9 • 5oo|r 

102 

8500 

9.917 

123.7 

I0.083jc 

108 

9000 

10.500 

116.8 

10.667*' 

R 


eb 


b. 


‘ovided  strength  factor 


!0. 01-inch  crack) 

:side  width  of  conduit 


2) 
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UNDERGROUND  CONDUITS!  Reinforced  concrete  culvert,  storm  drain,  and  sewer  pipe,  ( ASTM  spec.  C76-57T); 

values  of  bc,  Rebi  ancl  s/FSp 


CLASS  I 

D load  to  produce  0.01-inch  crack  = 800  (3-edge  hearing  test) 


CLASS  III 


CLASS  V 


D load  to  produce  0.01-inch  crack  = 1350  (3-edge  hearing  test) 


D load  to  produce  0.01-inch  crack  = 3000  (3-edge  hearing  test) 


Internal 
Diameter 
d — in. 

^eb  * 
lhs/ft 

Wall 

A 

Wall 

B 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc — ft 

s7Fsp* 

60 

4000 

5.835 

168. 2 

6.000 

159-0 

66 

4400 

6.417 

152.9 

6.583 

145.3 

72 

4800 

7.000 

140.2 

7.167 

155-7 

78 

5200 

7.583 

129.4 

7.750 

123.9 

84 

5600 

8.167 

120.1 

8.333 

115.4 

90 

6000 

8.750 

112.1 

8.917 

108.0 

96 

64oo 

9.555 

105.1 

9.500 

101.5 

102 

6800 

9.917 

98.9 

10.083 

95.7 

108 

7200 

10.500 

93.4 

10.667 

90.6 

CLASS  II 

D load  to  produce  0.01-inch  crack  = 1000  (3-edge  hearing  test) 


Internal 
Diameter 
d — in. 

«eb* 

lbs/ft 

Wall 

A 

Wall 

B 

Outside 

Diameter 

bc--ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

sTFSp* 

12 

1000 

1.292 

857-4 

1.333 

805.3 

15 

1250 

1.563 

732.2 

1.625 

677.3 

18 

1500 

1.833 

638.8 

1.917 

584.1 

21 

1750 

2.125 

554.5 

2.208 

513.7 

24 

2000 

2.4-17 

489  -9 

2.500 

457.9 

27 

2250 

2.688 

445.6 

2.792 

413.1 

50 

2500 

2.958 

4o8.9 

3.083 

376.4 

33 

2750 

3.229 

377.4 

3.375 

345.5 

36 

3000 

3.500 

350.4 

3.667 

319.3 

42 

3500 

4.083 

300.4 

4.250 

277-3 

48 

4000 

4.667 

262.8 

4.833 

245.1 

54 

4500 

5-250 

233.6 

5.417 

219.4 

60 

5000 

5.833 

210.3 

6.000 

198.8 

66 

5500 

6.417 

191.1 

6.583 

181.6 

72 

6000 

7.000 

175.2 

7.167 

167.2 

78 

6500 

7.583 

161.8 

7.750 

154.9 

84 

7000 

8.167 

150.2 

8.333 

144.3 

90 

7500 

8.750 

140.2 

8.917 

135.0 

96 

8000 

9-333 

131.4 

9.500 

126.8 

102 

8500 

9.917 

123-7 

10.083 

119.6 

108 

9000 

10.500 

116.8 

10.667 

113.2 

REFERENCE 


Internal 
Diameter 
d — in. 

Reb* 

lhs/ft 

Wall 

A 

Wall 

B 

Wall 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
hc— ft 

slFsp* 

12 

1350 

1.292 

1158 

1.333 

1087 

15 

1688 

1.563 

988.5 

1.625 

914.4 

18 

2025 

1.833 

862.4 

1-917 

788.5 

21 

2363 

2.125 

748.6 

2.208 

693.5 

24 

2700 

2 .417 

661.4 

2.500 

618.2 

27 

3038 

2.688 

601.6 

2.792 

557.6 

30 

3375 

2.958 

552.0 

3.083 

508.1 

33 

3713 

3.229 

509-6 

3-375 

466.4 

36 

4050 

3.500 

473.1 

3.667 

431.0 

42 

4725 

4.083 

405.6 

4.250 

374.3 

48 

5400 

4.667 

354.8 

4.833 

330.8 

54 

6075 

5.250 

315.4 

5.417 

296.-3 

60 

6750 

5.833 

283-9 

6.000 

268.3 

66 

7425 

6.417 

258.0 

6.583 

245.2 

72 

8100 

7.000 

236.6 

7.167 

225.7 

7.292 

218.0 

78 

8775 

7.583 

218.4 

7.750 

209.1 

7.875 

202.5 

84 

9450 

8. 167 

202.7 

8.333 

194.7 

8.453 

189.0 

90 

10125 

8.750 

189.2 

8.917 

182.2 

9.042 

177-2 

96 

10800 

9.333 

177.4 

9-500 

171.2 

102 

11475 

9.917 

167.0 

10.083 

161.5 

108 

12150 

10.500 

157.7 

10.667 

152.8 

CLASS  IV 

D load  to  produce  0.01-inch  crack  = 2000  (3-edge  hearing  test) 


Internal 
Diameter 
d — in. 

Reb* 

lhs/ft 

Wall  A 

Wall  B 

Wall 

C 

Outside 
Diameter 
bc— ft 

srFsp* 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc — ft 

sTFsp* 

12 

2000 

1.292 

1715 

1.333 

1611 

15 

2500 

1.563 

1464 

1.625 

1355 

18 

3000 

1.833 

1278 

1.917 

1168 

21 

3500 

2.125 

1109 

2.208 

1027 

24 

4000 

2.417 

979.8 

2.500 

915.8 

2.667 

8o4.7 

27 

4500 

2.688 

891.3 

2.792 

826.1 

2.938 

746.0 

30 

5000 

2.958 

817.7 

3.083 

752.8 

3.208 

695.3 

33 

5500 

3.375 

690.9 

3.500 

642.5 

36 

6000 

3.667 

638.5 

3.813 

590.6 

42 

7000 

4.250 

554.6 

4.375 

523.3 

48 

8000 

4.833 

490.1 

4.958 

465.7 

54 

9000 

5.417 

438.9 

5.521 

422.5 

60 

10000 

6.000 

397.5 

6.125 

381.4 

66 

11000 

6.583 

363.2 

6.708 

349.8 

72 

12000 

7.167 

334.3 

7.292 

322.9 

78 

13000 

7.875 

300.0 

84 

14000 

8.458 

280.0 

Internal 
Diameter 
d — in. 

Reb  * 
lhs/ft 

Wall 

B 

Wall 

c 

Outside 
Diameter 
bc — ft 

srFsp* 

Outside 
Diameter 
hc— ft 

syFs,/ 

12 

3000 

1.333 

2416 

15 

3750 

1.625 

2032 

18 

4500 

1.917 

1752 

21 

5250 

2.208 

1541 

24 

6000 

2.500 

1374 

2.667 

1207 

27 

6750 

2.792 

1239 

2.938 

1119 

30 

7500 

3.083 

1129 

3.208 

1043 

33 

8250 

3.375 

1036 

3.500 

963.7 

36 

9000 

3.667 

957.8 

3.813 

885.8 

42 

10500 

4.250 

831.8 

4.375 

785.0 

48 

12000 

4.833 

735.2 

4.958 

698.6 

54 

13500 

5.521 

633.8 

60 

15000 

6.125 

572.2 

66 

16500 

6.708 

524.7 

72 

18000 

7.292 

484.4 

Re-b  and  s7FSp  values  on  this  sheet  are 
based  on  the  load  to  produce  0.01-inch 
crack. 


s?Fsp 

Fsp  = 
Feb  = 


1.1T31  Reb 


provided  strength  factor 

three-edge  bearing  strength 
(0. 01-inch  crack) 


bc  = outside  width  of  conduit 
s = safety  factor  (see  ES-ll4,  sheet  2) 


7 = unit  weight  of  backfill  or  embank- 

ment material  (see  ES-ll4, 
sheet  2) 
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UNDERGROUND  CONDUITS 


REINFORCED  CONCRETE  PRESSURE  PIPE 
(ASTM  Spec.  C361-5511) 


IE  SEWER  PIPE 
C75-55) 


REINFORC} 

( 


Internal 

Diameter 

d--in. 

Standard  Strength 
3500  psi  concrete 

Outside 
Diameter 
hc— ft 

Reh* 
lbs /ft 

s7Fsp* 

12 

1-333 

2250 

1812 

15 

1.625 

2625 

1436 

18 

1.917 

3000 

1168 

24 

2.500 

3000 

686 .9 

30 

3.083 

3375 

508.1 

36 

3.667 

4050 

431.0 

k2 

4.250 

4725 

374.3 

48 

4.834 

5400 

330.7 

54 

5.416 

5850 

285.3 

6o 

6.000 

6000 

238.5 

66 

6.583 

6300 

208.1 

72 

7.167 

6600 

183.9 

in  this  sheet  are 
duce  0.01-inch  crack. 


mgth  factor 

taring  strength 
crack) 


. of  conduit 

■ (see  ES-11^-,  sheet  2) 

if  backfill  or  emhank- 
.al  (see  ES-114, 


Internal 

Diameter 

d--in . 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s7Fc  *_ 

3500  psi 
concrete 

4000  psi 
concrete 

' sp 

Outside 

Outside 

Diameter 

s7*sp 

Diameter 

b7i,sp 

12 

1.333 

2250 

l8ll 

bc— ft 

bc--ft 

15 

1.583 

2625 

1499 

1.292 

1543 

18 

1.875 

3000 

1221 

1.583 

1142 

21 

2.146 

3000 

932.2 

1.833 

937-0 

24 

2.417 

3000 

734.9 

2.125 

760.5 

30 

2.958 

3375 

552.0 

2.437 

578.3 

2.417 

587.9 

36 

3.521 

4050 

467.5 

2.708 

497.6 

2.687 

505.4 

42 

4.125 

4725 

397-4 

3-000 

429.3 

2.958 

44i.6 

48 

4.687 

5400 

351.8 

3.292 

3.763 

3.208 

396.3 

54 

5.250 

5850 

303.7 

3.563 

338.2 

3-500 

350.4 

60 

5.833 

6000 

252.4 

4.125 

269.I 

4.062 

277.5 

66 

6.417 

6300 

218.9 

4.708 

219.5 

4.625 

227.5 

72 

7.000 

6600 

192.7 

5.271 

190.6 

5.208 

195.2 

5.833 

168.2 

5.750 

173.1 

6.396 

148.7 

6.292 

153.6 

6.958 

133-0 

6.833 

137-9 
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UNDERGROUND  CONDUI 


I o- 


REINFORCED  CONCRETE  PRESSURE  PIPE 
(ASTM  Spec.  C361-55T) 


CONCRETE  PRESSURE  SEWER  PIPE 
(ASTM  Spec.  C362-55T) 


Internal 

Diameter 

d--in. 

Outside 

Diameter 

bc-ft 

Reb* 

lbs/ft 

s^sp* 

Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s^sp* 

12 

1.333 

2250 

l8ll 

12 

1.333 

2250 

1811 

15 

1.583 

2625 

1499 

15 

1.583 

2625 

1499 

18 

1.875 

3000 

1221 

18 

1.875 

3000 

1221 

21 

2.11*6 

3000 

932.2 

21 

2.146 

3000 

932.2 

24 

2.1*17 

3000 

734.9 

24 

2.4i7 

3000 

734.9 

30 

2.958 

3375 

552.0 

30 

2.958 

3375 

552.0 

36 

3.521 

4050 

467.5 

36 

3.521 

4050 

467.5 

b2 

4.125 

4725 

397-4 

42 

4.125 

4725 

397.4 

1*8 

4.687 

5400 

351.8 

48 

4.687 

5400 

351.8 

54 

5.250 

5850 

303.7 

54 

5.250 

5850 

303.7 

60 

5.833 

6000 

252.4 

60 

5.833 

6000 

252.4 

66 

6.1*17 

6300 

218.9 

72 

7-000 

6600 

192.7 

REINFORCED  CONCRETE  CULVERT  PIPE 
(ASTM  Spec.  076-55) 


REINFORCED  CONCRETE  SEWER  PIPE 
(ASTM  Spec.  075-55) 


Internal 

Diameter 

d--in. 

Reb* 

lbs/ft 

3000  psi 
concrete 

3500  psi 
concrete 

1+000  psi 
concrete 

Outside 
Diameter 
bc— ft 

slfsp* 

Outside 
Diameter 
bc— ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

s7Fsp* 

12 

1800 

1.333 

1450 

1.292 

1543 

15 

2000 

1.625 

1084 

1.583 

1142 

18 

2200 

1.917 

856.7 

1.833 

937-0 

21 

2400 

2.208 

704.5 

2.125 

760.5 

24 

2400 

2.500 

549.5 

2.437 

578.3 

2.417 

587.9 

27 

2550 

2.750 

482.5 

2.708 

497.6 

2.687 

505.4 

30 

2700 

3.083 

4o6.5 

3.000 

429-3 

2.958 

441.6 

33 

2850 

3-375 

358.0 

3.292 

3.763 

3.208 

396.3 

36 

3000 

3.667 

319.3 

3.563 

338.2 

3-500 

350.4 

42 

3200 

4.250 

253-5 

4.125 

269.1 

4.062 

277.5 

48 

34oo 

4.833 

208.3 

4.708 

219.5 

4.625 

227.5 

54 

37oo 

5.417 

l8o.4 

5.271 

190.6 

5.208 

195.2 

60 

4ooo 

6.000 

159-0 

5.833 

168.2 

5-750 

173.1 

66 

4250 

6.583 

140.3 

6.396 

148.7 

6.292 

153.6 

72 

4500 

7.167 

125.4 

6.958 

133.0 

6.833 

137.9 

Internal 
Diameter 
d — in. 

Standard  Strength 
3500  psi  concrete 

Standard  Strength 
4500  psi  concrete 

Extra  Strength 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s7Fsp* 

Outside 
Diameter 
bc — ft 

Reb* 

lbs/ft 

s/Fsp* 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

slFSp* 

12 

1.333 

2250 

1812 

1.292 

2250 

1929 

15 

1.625 

2625 

1436 

1.583 

2625 

1499 

18 

1.917 

3000 

1168 

1.833 

3000 

1278 

24 

2.500 

3000 

686.9 

2.417 

3000 

734.9 

2.500 

4000 

915.8 

30 

3.083 

3375 

508.1 

3.000 

3375 

536.6 

3.083 

5000 

752.8 

36 

3-667 

4050 

431.0 

3.562 

4050 

456.8 

3.667 

6000 

638.5 

42 

4.250 

4725 

374.3 

4.125 

4725 

397.4 

4.250 

7000 

554.6 

48 

4.834 

54oo 

330.7 

4.708 

5400 

348.6 

4.833 

8000 

490.1 

54 

5-416 

5850 

285.3 

5.271 

5850 

301.3 

5.417 

9000 

438.8 

60 

6.000 

6000 

238.5 

5.833 

6000 

252.4 

6.000 

9000 

357.8 

66 

6.583 

6300 

208.1 

6.417 

6300 

218.9 

6.583 

9500 

313.7 

72 

7-167 

6600 

183.9 

7.000 

6600 

192-7 

7.167 

9900 

275.8 

* Rgb  and  s?FSp  values  on  this  sheet  are 
based  on  the  load  to  produce  0.01-inch  crack. 

1.431  Reb 
s7FSp  - 2 

uc 

FSp  = provided  strength  factor 

R = three-edge  bearing  strength 

(0. 01-inch  crack) 

bc  = outside  width  of  conduit 
s = safety  factor  (see  ES-114,  sheet  2) 

7 = unit  weight  of  backfill  or  embank- 

ment material  (see  ES-ll4, 
sheet  2) 
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UNDERGROUND  CONDUITS:  C 


STANDARD  STRENGTH  CLAY  SEWER  PIPE 
(ASTM  Spec.  C13-54) 

CERAMIC  GLAZED  CLAY  SEWER  PIPE 
(ASTM  Spec.  C261-54) 


Internal 

Diameter 

d--in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

S7FSp* 

4 

0.406 

1000 

8681 

6 

0.589 

1000 

4125 

8 

0.771 

1000 

2407 

10 

0.958 

1100 

1715 

12 

1.146 

1200 

1308 

15 

1.432 

1400 

977.0 

18 

1.719 

1700 

823.3 

21 

2.010 

2000 

708.4 

24 

2.292 

2400 

653.8 

27 

2.583 

2750 

589.8 

30 

2.865 

3200 

557-9 

33 

3.135 

3500 

509.6 

36 

3.396 

3900 

483.9 

Internal 

Diameter 

d--in. 


4 

5 

6 
8 

10 

12 

15 

18 

21 

24 

27 

30 

33 

36 

42 


EXTRA  STRENGTH  CERAMIC  GLAZED  CLAY  PIPE 
(ASTM  Spec.  C278-55T) 


Internal 
Diameter 
d — in . 

Outside 
Diameter 
bc— ft 

Reb* 
lbs /ft 

s7Fsp 

6 

0.589 

2000 

8250 

8 

0.771 

2000 

4815 

10 

0.958 

2000 

3118 

12 

1.146 

2250 

2452 

15 

1.432 

2750 

1919 

18 

1.719 

3300 

1598 

21 

2.010 

3850 

1364 

24 

2.292 

4400 

1199 

30 

2.865 

5000 

871.7 

36 

3.396 

6 000 

744.5 

DNCRETE  SEWER  PIPE 
\STM  Spec.  C14-55) 


(ASTM  Spec.  C4-55I 


Standard 


Outside 
Diameter 
■bc— ft 


tJ 

P 

cd 

C 
cd 
-p 
C D 

o 


Reb* 

lbs/ft 


800 

800 

800 

8oo 

8oo 

8oo 

870 

930 

1000 

1130 

1230 

1330 

1430 

1530 

1730 


S7FSP* 


CO 

u 

cd 

td 

a 

cd 

-P 

CD 

O 


trength 

Extra  Strength 

* 

/ft 

s7FSp* 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s?Fsp* 

po 

7848 

0.458 

2000 

13644 

4315 

0.625 

2000 

7327 

joo 

2966 

0.812 

2000 

4341 

tpo 

2090 

1.000 

2000 

2862 

^0 

1579 

1.229 

2250 

2132 

PO 

1178 

1.521 

2750 

1701 

|oo 

93^.5 

1.833 

3300 

1405 

|oo 

755.0 

2.125 

3850 

1220 

00 

619.8 

2.437 

4400 

1060 

be  load. 

dth  of  conduit 

{tor  (see  ES-llA,  sheet  2) 

it  of  backfill  or  embank- 
brial  (see  ES-ll^, 
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UNDERGROUND  CONDUITS:  Clay  and  non-reinforced  concrete  pipe;  values  of  bc,  Reb,  and  s/Fsp 


3-71 


STANDARD  STRENGTH  CLAY  SEWER  PIPE 
(ASTM  Spec.  013-54) 

CERAMIC  GLAZED  CLAY  SEWER  PIPE 
(ASTM  Spec.  0261-54) 


CONCRETE  IRRIGATION  PIPE 
(ASTM  Spec.  C118-55) 


EXTRA  STRENGTH.  CLAY  PIPE 
(ASTM  Spec.  C200-55T) 


EXTRA  STRENGTH  CERAMIC  GLAZED  CLAY  PIPE 
(ASTM  Spec.  C278-55T) 


Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

^eb* 
lbs /ft 

S7FSP* 

4 

o.4o6 

1000 

8681 

6 

0.589 

1000 

4125 

8 

0.771 

1000 

2407 

10 

0.958 

1100 

1715 

12 

1.146 

1200 

1308 

15 

1.432 

1400 

977.0 

18 

1.719 

1700 

823.3 

21 

2.010 

2000 

708.4 

24 

2.292 

2400 

653.8 

27 

2.583 

2750 

589.8 

30 

2.865 

3200 

557.9 

33 

3.135 

3500 

509.6 

36 

3.396 

3900 

483-9 

Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s^sp* 

4 

0.458 

1000 

6822 

5 

0.542 

1000 

4871 

6 

0.625 

1000 

3663 

8 

0.813 

1000 

2165 

10 

1.000 

1250 

1789 

12 

1.188 

1500 

1521 

14 

1.375 

1600 

1211 

15 

1.479 

1700 

1112 

16 

1.563 

1800 

1054 

18 

1.750 

1900 

887.8 

20 

1.979 

2000 

730.8 

21 

2.083 

2100 

692.6 

24 

2.354 

2200 

568.1 

DRAIN  TILE  (CLAY  OR 
(ASTM  Spec.  04- 


CONCRETE  ) 
55) 


Standard 

Extra  Quality 

Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s7Fsp* 

Outside 
Diameter 
bc  ft 

Reb* 

lbs/ft 

s?Fsp* 

4 

800 

1100 

5 

800 

1100 

6 

800 

1100 

8 

800 

1100 

10 

800 

1100 

12 

15 

18 

21 

24 

No  Standards 

800 

870 

930 

1000 

1130 

No  Standards 

No  Standards 

1100 

1100 

1200 

1400 

1600 

No  Standards 

27 

1230 

1800 

30 

1330 

2000 

33 

1430 

2200 

36 

1530 

2400 

42 

1730 

2800 

Internal 
Diameter 
d — in. 

Outside 

Diameter 

bc-ft 

^eb* 
lbs /ft 

S7FSP* 

6 

0.589 

2000 

8250 

8 

0.771 

2000 

4815 

10 

0.958 

2000 

3118 

12 

1.146 

2250 

2452 

15 

1.432 

2750 

1919 

18 

1.719 

3300 

1598 

21 

2.010 

3850 

1364 

24 

2.292 

4400 

1199 

27 

2.583 

4700 

1008 

30 

2.865 

5000 

871.7 

33 

3.135 

5500 

800.8 

36 

3.396 

6000 

744.5 

Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

sl'f’sp* 

6 

0.589 

2000 

8250 

8 

0.771 

2000 

4815 

10 

0.958 

2000 

3118 

12 

1.146 

2250 

2452 

15 

1.432 

2750 

1919 

18 

1.719 

3300 

1598 

21 

2.010 

3850 

1364 

24 

2.292 

4400 

1199 

30 

2.865 

5000 

871.7 

36 

3.396 

6000 

744.5 

CONCRETE  SEWER  PIPE 
(ASTM  Spec.  014-55) 


PERFORATED  CLAY  PIPE 
(ASTM  Spec.  C211-50) 


Internal 
Diameter 
d — in. 

Outside 
Diameter 
bc—  ft 

Reb* 

lbs/ft 

s?Fsp* 

4 

0.4o6 

1000 

8681 

6 

0.589 

1000 

4125 

8 

0.771 

1000 

2407 

10 

0.958 

1100 

1715 

12 

1.146 

1200 

1308 

15 

1.432 

1400 

977.0 

18 

1.719 

1700 

823.3 

21 

2.010 

2000 

708.4 

24 

2.292 

2400 

653.8 

Internal 
Diameter 
d — in. 

Standard  Strength 

Extra  Strength 

Outside 
Diameter 
bc— ft 

^eb* 

lbs/ft 

s7Fsp* 

Outside 
Diameter 
bc— ft 

Reb* 

lbs/ft 

s?Fsp* 

4 

0.427 

1000 

7848 

0.458 

2000 

13644 

6 

0.6o4 

1100 

4315 

0.625 

2000 

7527 

8 

0.792 

1300 

2966 

0.812 

2000 

4341 

10 

0.979 

l4oo 

2090 

1.000 

2000 

2862 

12 

1.166 

1500 

1579 

1.229 

2250 

2132 

15 

1.458 

1750 

1178 

1.521 

2750 

1701 

18 

1.750 

2000 

934.5 

1.833 

3300 

1405 

21 

2.042 

2200 

755.0 

2.125 

3850 

1220 

24 

2.354 

2400 

619.8 

2.437 

4400 

1060 

F*eb  anc^  s7FSp  values  on  this  sheet  are  based  on  the  ultimate  load. 
1.431  Reb 


S7F 


sp 


bc2 


FSp  = provided  strength  factor 

Rgb  = three-edge  bearing  strength 
(ultimate  load) 


= outside  width  of  conduit 

= safety  factor  (see  ES-ll4,  sheet  2) 

= unit  weight  of  backfill  or  embank- 
ment material  (see  ES-ll4, 
sheet  2) 
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UNDERGROUND  CONDUITS:  Rigid  pipes;  ditch  cradles  and  beddings 

and  their  load  factor  values 
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Type  A-concrete  cradle 
Lf  = 2.2  to  3.4 


Type  B—  first  class  bedding 
Lf  = 1 . 9 


A concrete  cradle  is  obtained  by  placing  the  pipe 
in  plain  or  reinforced  concrete  having  a minimum 
thickness  under  the  lowest  part  of  the  conduit  ex- 
terior of  d/4  or  of  6 inches  whichever  is  greater 
(where  d is  the  nominal  inside  diameter  of  the 
pipe  in  inches ) . 


First-class  bedding  is  that  type  of  bedding  ob- 
tained by  placing  the  pipe  on  fine  granular  ma- 
terials in  an  earth  foundation  carefully  shaped 
to  fit  the  lower  part  of  the  pipe  exterior  for  a 
width  of  at  least  60  percent  of  the  pipe  breadth. 
The  remainder  of  the  pipe  is  entirely  surrounded 
to  a height  of  at  least  1.0  ft  above  its  top  by 
granular  materials  carefully  placed  by  hand,  to 
fill  completely,  all  spaces  under  and  adjacent  to 
the  pipe.  The  fill  is  tamped  thoroughly  on  each 
side  and  under  the  pipe  as  far  as  practicable  in 
layers  not  exceeding  0.5  ft  thick. 


•u  |-v 


Type  C-ordinary  bedding 
Lf  = 1 . 5 


Type  D-impermissible  bedding 

Lf=U 


Ordinary  bedding  is  that  type  of  bedding  obtained 
by  placing  the  pipe  with  "ordinary"  care  in  an 
earth  foundation  shaped  to  fit  the  lower  part  of 
the  pipe  exterior  with  reasonable  closeness  for  a 
width  of  at  least  50  percent  of  the  pipe  breadth. 
The  remainder  of  the  pipe  is  surrounded  to  a 
height  of  at  least  0.5  ft  above  its  top  by  granu- 
lar materials,  shovel  placed  and  shovel  tamped  to 
fill  completely  all  spaces  under  and  adjacent  to 
the  pipe . 


Impermissible  bedding  is  that  type  of  bedding  in 
which  little  or  no  care  is  exercised  to  shape  the 
foundation  to  fit  the  lower  part  of  the  pipe  ex- 
terior and  to  refill  all  spaces  under  and  around 
the  pipe . 


ENGINEERING  DIVISION  - DESIGN  SECTION 


UNDERGROUND  CONDUITS!  Rigid  pipes;  Projecting  crodles 
and  their  bedding  factor  values. 


Type  A 1 Concrete  Cradle  Xp=0.400 


"g  but  not  less 
than  c" 


Reinforcing 

steel 


Type  A1  is  that  type  of  cradle  having  a 
minimum  thickness  of  reinforced  concrete 
under  the  pipe  of  one-fourth  of  the  nomi- 
nal interior  diameter  and  extending  up 
the  sides  of  the  pipe  for  a height  equal 
to  one-half  of  the  outside  diameter.  The 
transverse  steel  requirement  for  a type 
A1  cradle  is: 

(1)  Bar  sizes  shall  not  he  smaller 
than  number  3* 

(2)  Bar  spacing  shall  be  a maximum 
of  12  inches. 


Type  A 2 Concrete  Cradle  Xp=  0.450 


Type  A2  is  that  type  of  cradle  having  a 
minimum  thickness  of  concrete  under  the 
pipe  of  one-fourth  of  the  nominal  in- 
terior diameter  and  extending  up  the 
sides  of  the  pipe  for  a height  equal  to 
one-half  of  the  outside  diameter. 


Type  A3  Concrete  Cradle  Xp=0.500 


Type  A3  is  that  type  of  cradle  having  a 
minimum  thickness  of  concrete  under  the 
pipe  of  one-fourth  of  the  nominal  in- 
terior diameter  of  the  pipe  and  extend- 
ing up  the  sides  of  the  pipe  for  a 
height  equal  to  one -fourth  of  the  out- 
side diameter. 
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UNDERGROUND  CONDUITS!  Rigid  pipes;  Projecting 

beddings  and  their  bedding  factor  values. 


Type  B1  Concrete  bedding  Xp=0.650 


CONSTRUCTION  METHOD  1 


3 inch  minimum 


minimum  *; 


minimum 


to  natural  ground 


to  natural  ground 


or  dc  minimum 


or  bp  minimum 


Thoroughly 
compacted 
earth  "backfill 


High  slump  concrete 


3 inch  minimum 


CONSTRUCTION  METHOD  2 


Type  Bl,  concrete  "bedding,  is  that  type  of  "bedding  having  the  lower 
part  of  the  pipe  "bedded  in  a thin  layer  of  concrete  for  at  least  10 
percent  of  its  overall  height.  The  earth  filling  material  is  thor- 
oughly rammed  and  tamped,  in  layers  not  more  than  6 inches  deep, 
around  the  pipe  for  the  remainder  of  the  lower  30  percent  of  its 
height . 
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UNDERGROUND  CONDUITS!  Rigid  pipes;  Projecting 
beddings  and  their  bedding  factor  values. 


Type  B2  First  class  bedding  Xp  = 0.707 


Type  B2 , first-class  bedding,  is  that  type  of 
bedding  having  a projection  ratio  not  greater 
than  0.70  in  which  the  pipe  is  carefully  bed- 
ded on  fine  granular  materials  in  an  earth 
foundation  carefully  shaped  to  fit  the  lower 
part  of  the  pipe  exterior  for  at  least  10  per- 
cent of  its  overall  height.  The  earth  filling 
material  is  thoroughly  rammed  and  tamped,  in 
layers  not  more  than  6 inches  deep,  around  the 
pipe  for  the  remainder  of  the  lower  30  percent 
of  its  height. 


Type  C Ordinary  bedding  Xp=0.840 


Type  C,  ordinary  bedding,  is  that  type  of  bed- 
ding in  which  the  pipe  is  bedded  with  "ordinary" 
care  in  an  earth  foundation  shaped  to  fit  the 
lower  part  of  the  pipe  exterior  with  reasonable 
closeness  for  at  least  10  percent  of  its  overall 
height.  The  remainder  of  the  pipe  is  surrounded 
by  granular  materials,  placed  by  shovel  to  fill 
all  spaces  completely  under  and  adjacent  to  the 
pipe.  In  the  case  of  rock  foundations,  the 
pipes  are  bedded  on  an  earth  cushion,  having  a 
thickness  under  the  pipe  of  not  less  than  0.5 
inches  per  foot  of  height  of  fill,  with  a mini- 
mum allowable  thickness  of  8 inches. 


Type  D Impermissable  bedding  Xp=l.3IO 


Type  D,  impermissible  bedding,  is  that  type 
of  bedding  in  which  little  or  no  care  is  exer- 
cised either  to  shape  the  foundation  surface 
to  fit  the  lower  part  of  the  pipe  exterior  or 
to  fill  all  spaces  under  and  around  the  pipe 
with  granular  materials . This  type  of  bedding 
also  includes  pipes  on  rock  foundations  in 
which  an  earth  cushion  is  provided  under  the 
pipe,  but  is  so  shallow  that  the  pipe,  as  it 
settles  under  the  influence  of  vertical  load, 
approaches  contact  with  the  rock. 
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UNDERGROUND  CONDUITS: 


H 

Positive  projecting  conduits,  complete  projection  condition;  Relation  of  2K a—  vs  U for  various 

be 


values  of 


KyoXg 
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0.4 


0.6 


Hc 

Values  of  2K/i— g— 
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UNDERGROUND  CONDUITS:  Values  of  ex-x  for  various  values  of  x 


* 


X 

ex-x  x 

ex-x  x 

ex~x  x 

X 

X 

! 

X 

a> 

ex-x 

0.00- 

zr  1.000  0.30  - 

jr1-05  0-60- 

zp  1.222  0.90- 

qq  1-56  1.20  - 

q — 2.12 

_ 

“ — 123 

z— 

77 

, 

I 

z — 1.24 

- — 

1- 

= -1.06 

-- 

z—  1.60 

: 

z —1.25 

-- 

“ 

7 _ 

- — 

-—  2.20 

: 

: -1.001 

- 

= — 1.26 

0.057 

0.35  7 

: 7-1-07  065  7 

:=  0.95- 

—1.27 

1.25  7 

j = 

8 

: -1.002 

z— 1.65  7 

7 

- 

- 

= -1.28 

7 — - 

=_ 

I 

: — 1.003 

= 7-1.08 

=—1.29 

=—  7 

:—  2.30 

7 

7 z 

7 

i 

-1.004 

— I 

:-1.30 

_ 

Z 

_ 

= -1.70  z: 

- 

0.107 

-1.005  0.40  7 

-1.09 

0.707 

1.00— 

1.30  — 

: 

z 

-1.006  z 

— 

- 

7 

-1.007 

—110 

zz 

-2.40 

z 

-1.008  = 

7 ~ 

7 

Z 

_ — 

_ - 

— 7 

: 

-1.009  zz 

Z 

— _z 

_ 

z 

- 

-1.11 

—1.35 

~ — 

- 

— 

-1.010 

_ — 

_ 

0.157 

0.45  7 

—1.12  075  ~ 

1.057 

- 1.80  Z 

- 1.35  - 

-2.50 

j 

7 

-1.13  i 

. 7 

z.  7 

1 

- 

- z 

— 1.85 

- 

— 

7 

I 7 

— 1.40 

_ - 

: 

- 

— 

_ — 

-2.60 

z 

7 

-1.14 

z 

— — 

z 

-1.02 

— 

7 

- 7 

: 

0.207 

0.50  7 

- 1.15  a80- 

1.107 

~ 190  1.40  - 

1 

1 

7- 

—1.16 

_ ' 7 

~ 7; 

— 2.70 

' Z' 

-1.45  - 

- 

Z 

- 7 

z; 

z 

— 1.95 

j 

z 

-1.03  Z 

-U7 

— “■ 

7 

0.257- 

0.5571 

-ns  E; 

0.85  7- 

1.15  — _ 

— 2.00  =: 
1.45  — “ 

- 2.80 

7: 

-I 

—1.19  =- 

-1.50 

j: 

-1.04 

7- 

7- 

Z “ 

r 

-- 

-1.20  -- 

7. 

s 



Z ~ 

- 

-2.90 

i; 

-- 

-1.21  E: 

-1.55 

-2.10 

0.30  -1 

-1.05  0.60  — — 

-122 

0.90  -=L 

-1.56  1.20  — - 

2.12  1.50  -=£ 

2.99 
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APPENDIX  A - DERIVATION  OF  FORMULAS  FOR  LOADS  ON  UNDERGROUND  CONDUITS 

Loads  on  Ditch  Conduits 


Assumptions 

The  following  assumptions  are  made  in  the  derivation  of  the  formula  for 
loads  on  ditch  conduits: 

1.  The  conduit  is  installed  in  a ditch  whose  walls  are  vertical. 

2.  The  weight  of  the  backfill  material  produces  uniform  vertical 
pressure  at  any  horizontal  plane  over  the  entire  width  of  the 
ditch. 

3.  Cohesion  is  negligible. 

4.  The  ditch  walls  do  not  settle. 

5.  For  rigid  conduits  all  of  the  vertical  pressure  in  the  backfill 
at  the  elevation  of  the  top  of  the  conduit  is  carried  by  the 
conduit . 

6.  For  flexible  conduits  part  of  the  vertical  pressure  in  the  back- 
fill at  the  elevation  of  the  top  of  the  conduit  is  carried  by 
the  backfill  material  between  the  conduit  and  the  sides  of  the 
ditch. 

7*  The  shear  at  the  sides  of  the  ditch  is  distributed  as  uniform 
vertical  pressures  (by  virtue  of  internal  friction  in  the  back- 
fill material)  over  the  entire  width  of  the  ditch  at  any  hori- 
zontal plane. 

8.  The  magnitude  of  the  vertical  shearing  stresses  between  the  back- 
fill material  and  the  sides  of  the  ditch  is  equal  to  the  active 
lateral  pressure  exerted  by  the  earth  backfill  against  the  sides 
of  the  ditch  multiplied  by  the  tangent  of  the  angle  of  friction 
between  the  two  materials. 

Derivation  of  Load  Formula  for  Ditch  Conduits 

When  a conduit  is  placed  in  a ditch  and  covered  with  backfill  material, 
the  backfill  material  tends  to  settle  downward.  This  tendency  of  the 
backfill  material  above  the  top  of  the  conduit  to  move  produces  vertical 
friction  forces  or  shearing  stresses  along  the  sides  of  the  ditch.  These 
shearing  stresses  give  support  to  the  backfill  material. 

Shearing  Stresses.  The  cross  section  of  a ditch  conduit  having  a length 
of  one  foot  is  shown  in  Fig.  A-l.  Consider  a horizontal  differential 
element  of  the  backfill  material.  The  distance  H is  measured  from  the 
top  of  the  backfill  to  the  differential  element. 

The  shearing  stress  exerted  on  each  ditch  wall  is  obtained  as  follows: 

The  active  lateral  pressure  of  the  backfill  material  on  the  ditch  wall  at 
any  point  is 


A-2 


where  P = total  vertical  pressure  on  a horizontal  plane  within  the 
interior  prism,  lbs/ft  length  of  ditch 

The  magnitude  of  the  shearing  stresses  at  one  end  of  the  horizontal  dif- 
ferential element  is 

Ku'  A dH 
ba 

Differential  equation.  Equate  the  vertical  forces  acting  on  this 
element . 


P + dP  + 2Ku'  dH  = P + 7bd  dH 


H + 2v^-n>d  = ° 


Fig.  A-l  Loads  on  a horizontal  element  of 
the  backfill  material  for  a ditch  conduit 


The  solution  of  this  linear  differential  equation  gives  the  total  verti- 
cal pressure  P within  the  ditch  on  any  horizontal  plane  a vertical  dis- 
tance H from  the  top  of  the  backfill  in  the  interval  0 ^ H ^ Hc.  When 
H = Hc,  the  total  vertical  pressure  within  the  ditch  at  the  elevation 
of  the  top  of  the  conduit  is 


where 


Pc  = 7b( 


i - e 


-2Km- (Hc/bd) 


2K4i» 


(A-l) 


Pc  = total  vertical  pressure  in  the  width  bd  at  the  top  of  the 
conduit,  lbs  per  linear  foot  of  conduit 
H = vertical  distance  from  top  of  backfill  to  a horizontal  ele 
ment  of  fill  material  having  a height  of  dli,  ft 


The  proportion  of  this  total  vertical  pressure  that  is  carried  by  the 
conduit  will  depend  on  the  relative  rigidity  of  the  conduit  and  of  t e 
fill  material  between  the  sides  of  the  conduit  and  the  sides  o e 
ditch.  For  rigid  pipes  such  as  burned  clay,  concrete,  or  cast- 


iron  pipe,,  the  side  fills  may  he  relatively  compressible  and  the  pipe 
itself  will  carry  practically  all  of  the  load  Pc . It  the  pipe  is  a rela- 
tively flexible  thin-walled  pipe  and  the  side  fills  have  been  thoroughly 
tamped,  the  load  on  the  conduit  will  be  reduced  by  the  amount  of  load  the 
side  fills  carry. 

Load  formulas  for  ditch  conduits.  The  total  vertical  load  on  rigid  ditch 
conduits  with  relatively  compressible  side  fills  is 

wo  = crba.2 3 * * 6 7 8 (1-1) 

-2Kn'(Hc/bd) 

where  C-,  = 1 E (1-la 

a 2Kq ' 

The  total  vertical  load  Wc  on  flexible  pipes  with  thoroughly  compacted 
side  fills  is 

Wc  = cd7bcbd (1-2) 


Loads  on  Positive  Projecting  Conduits 


Assumptions 

The  following  assumptions  are  made  for  deriving  the  equations  for  loads 
on  positive  projecting  conduits: 

1.  Vertical  shearing  planes  exist  between  the  interior  and  exterior 
prisms . 

2.  Cohesion  is  negligible. 

3.  The  magnitude  of  the  shearing  stresses  is  equal  to  the  active 
lateral  pressure  at  the  vertical  shearing  planes  multiplied  by 
the  tangent  of  the  angle  of  internal  friction  of  the  embankment 
material . 

The  weight  of  the  embankment  material  above  the  top  of  the  con- 
duit produces  a uniform  vertical  pressure  over  the  entire  width 
of  the  interior  prism. 

5-  The  shear  at  the  sides  of  the  interior  prism  is  distributed  as 
uniform  vertical  pressure  (by  virtue  of  internal  friction  in 
the  embankment  material)  over  the  entire  width  of  the  interior 
prism. 

6.  The  shear  at  the  sides  of  the  exterior  prism  is  distributed  as 
uniform  vertical  pressures  throughout  the  embankment  in  the  in- 
finitely wide  exterior  prism  and  its  effect  on  the  consolidation 
in  the  exterior  prism  may  be  neglected. 

7.  The  embankment  material  has  a constant  modulus  of  consolidation. 

8.  The  foundation  material  has  a constant  modulus  of  consolidation. 


The  modulus  of  consolidation  of  a body  of  soil  is  the  ratio  of  the  unit 
vertical  pressure  to  the  unit  consolidation  in  the  vertical  direction. 
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The  assumption  of  vertical  shearing  planes  is  employed  for  convenience,  > 

and  load  measuring  experiments  indicate  that  the  assumption  is  valid. 

Existence  of  the  Plane  of  Equal  Settlement 

Consider  a rigid  conduit  resting  on  a nonyielding  foundation  (Fig.  A-2). 

The  interior  prism  at  the  top  of  the  conduit  has  not  settled  because 
the  rigid  conduit  and  its  nonyielding  foundation  have  prevented  any 
settling.  The  exterior  prism  at  the  nonyielding  foundation  has  not 
settled,  but  a particle  in  the  exterior  prism  Jias  settled  from  point  A 
to  the  point  A’  because  of  the  consolidation  of  the  embankment  mate- 
rial below  the  particle.  Particles  in  the  interior  prism  resist  the 
settling  of  particle  A and  thus  a portion  of  the  load  above  particle  A 
is  transferred  to  the  interior  prism  causing  consolidation  of  the  par- 
ticles in  the  interior  prism. 


Fig.  A-2  Basic  case  for  considering  the  action 
of  an  embankment  over  a positive  projecting  conduit. 

Consider  a higher  particle  B in  the  exterior  prism  which  settles  more 
than  an  adjacent  particle  in  the  interior  prism.  A portion  of  the  load 
is  also  transferred  from  the  exterior  prism  to  the  interior  prism. 

Since  loads  are  being  transferred  from  the  exterior  prism  to  the  in- 
ferior prism,  the  unit  load  in  the  exterior  prism  is  less  than  the  unit 
load  in  the  interior  prism.  A greater  consolidation  exists  in  the  in- 
terior prism  than  in  the  exterior  prism  above  point  A because  of  the 
greater  unit  loads  in  the  interior  prism  causing  consolidation. 

At  point  C the  consolidation  in  the  interior  prism  is  greater  than  the 
consolidation  in  the  exterior  prism  above  point  A by  the  amount  of  the 
settling  from  A to  A' . Therefore  at  point  C the  settlement  in  the  in- 
terior prism  is  equal  to  the  settlement  in  the  exterior  prism  and  there 
is  no  transfer  of  loads  from  the  exterior  prism  to  the  interior  prism 
at  and  above  the  plane  of  equal  settlement. 


(t 
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Determination  of  the  Height  of  Equal  Settlement  He 

To  ascertain  whether  the  complete  or  incomplete  condition  occurs,  it  is 
necessary  that  He  he  determined.  The  derivation  shown  in  the  determina- 
tion of  He  is  that  originally  developed  by  A.  Marston4.  Marston’s 
assumption  for  determining  He  yields  an  expression  which  gives  slightly 
greater  values  for  loads  on  conduits  than  those  assumptions  used  by 
M.,G.  Spangler9.  The  expression  for  He  is  obtained  by  a consideration  of 
the  various  additional  settlements  and  additional  consolidations. 


Expression  for  the  value  of  sm.  By  the  definition  of  the  average  modulus 
of  consolidation  of  the  embankment  material  subjected  to  loads  resulting 

change  in  unit  stress 
change  in  unit  deformation  ’ 


from  fill  heights  of  He  to  Hc, 
the  result 


E 


obtain 


r(Hc  - He) 

Sm  — E Pt>c 


(A-2) 


Expression  for  the  value  of  A,e.  Likewise,  obtain  the  result  on  recogniz- 
ing assumption  6,  page  A- 3 


A-e 


r(He  - He) 
E 


He 


(A-3) 


Expression  for  the  value  of  Aq.  Equating  the  vertical  forces  acting  on 
the  horizontal  differential  element  of  the  interior  prism,  and  recogniz- 
ing, as  was  shown  on  page  A-l,  that 


dP*  p* 

— T 2^  - - 7bc  = ° 

obtain  the  differential  equation  (see  Fig.  A-3) 


dP"  = ± 2Kp  dH (A-k) 

bc 

where  Pl  = vertical  pressure  on  a horizontal  plane  within  the  interior 
prism  when  the  embankment  height  is  equal  to  the  height 
of  equal  settlement  (Hc  = He),  lbs/ft  length  of  conduit 
P"  = additional  vertical  pressure  on  a horizontal  plane  within 

the  interior  prism  due  to  the  weight  of  the  material  above 
the  plane  of  equal  settlement,  lbs/ft  length  of  conduit 

In  Eq.  A-4  the  top  sign  in  the  (±)  symbol  is  used  for  the  projection  con- 
dition and  the  bottom  sign  is  used  for  the  ditch  condition.  This  conven- 
tion is  used  wherever  double  signs  appear. 

The  solution  of  this  differential  equation  (Eq.  A-4)  gives  (using  the 
boundary  condition  P"  = 7bc(Hc  — He)  when  H = 0) 

p"  = n>c(Hc  - h6)  e‘2Ku(B/^ (a-5) 
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The  value  of  additional  consolidation  of  the  embankment  material  between 
the  top  of  the  conduit  and  the  plane  of  equal  settlement  in  the  interior 
prism  \±  is  the  summation  of  the  consolidation  for  each  differential 
horizontal  element.  The  consolidation  of  each  differential  element  is 

d^i  ~ Eb~  ^ (A-6) 


The  solution  of  this  differential  equation  is  (using  the  boundary  con- 
dition X±  = 0 when  H = 0). 


\l=  * 


7(H0  - Hp ) 


E 


bc 

2Kp  _ 


e*2K4(He/bc)_ 


(A-7) 


Fig.  A-3  Forces  used  to  determine  the  additional 
consolidation  of  the  material  in  the  interior  prism 


Expression  for  He.  By  the  definition  of  the  plane  of  equal  settlement, 
the  additional  settlement  at  the  top  of  the  interior  prism  is  equal  to 
the  additional  settlement  at  the  top  of  the  exterior  prism. 

7(HC  - He)  bc  r ±2Km(h  /b  ) 

± P - 

E 2Kp  L 

+ Sg  ....  (A-8 ) 

Rearranging,  and  using  Eqs.  1-3  and  A-2,  obtain 


7(HC  -He) 
E 


+ sf  + sc 


e 


±2KM(He/bc) 


T 2Kp(He/bc)  = ± 2Kp6p  + 1 


(i-4) 


(» 
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Derivation  of  Load  Formulas  for  Positive  Projecting  Conduits,  Complete 
Condition 

The  vertical  forces  on  any  horizontal  differential  element  in  the  interior 
prism  may  be  equated  as  follows  (see  Fig.  A-k) 


P + dP  = P + 7bndH±2Kpf^dII 


(A-9) 


The  solution  of  this  differential  equation  (using  the  boundary  condition 
H = 0,  P = 0)  is 


P = 7b. 


±2Kn(H/bc)  ' 

e - 1 

±2Kp 


(A-10) 


At  the  top  of  the  conduit  P = Wc  when  H = Hc . Therefore,  the  load  on 
projecting  conduits,  complete  condition,  is 


where 


w0  = Cp7bc2  . . 

±2Ku(Hc/b„) 

P - 

r — 5E 

P ±2Ku 


(1-5) 


(l-5a) 


Since  Eqs.  1-5  and  l-5a  are  applicable  for  both  the  complete  ditch  condi- 
tion and  the  complete  projection  condition,  they  may  be  used  to  determine 
loads  on  both  rigid  and  flexible  conduits. 


Fig.  A-4  Loads  on  a horizontal  element  in  the 
interior  prism  for  the  complete  condition 
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Derivation  of  Load  Formulas  for  Positive  Projecting  Conduits,  Incomplete 
Condition 

The  vertical  forces  on  a horizontal  differential  element  of  the  interior 
prism  are  equated  (see  Fig.  A-5). 

P + dP  = P + 7bc  dH  ± 2Kp  ~ dH (A-ll) 

Dc 

The  solution  of  this  differential  equation  (using  the  boundary  condition 
H = 0,  P = [Hc  - He]7bc)  is 


P = T 


7b, 


7h, 


±2Kn(H/bc) 


2Kp 


2K(i 


+ (Hn  - Hp)7b0  e 


±2Kn(H/bc) 


(A-12) 


At  the  top  of  the  conduit  (vhen  H = He)  P = Wc.  Therefore,  the  load  on 
positive  projecting  conduits,  incomplete  condition,  is 


where 


wc  = CpTbc2 


(1-6) 


*2KM(He/bc) 

e — 1 + 

±2Kq 


He 

^c 


±2Kn(He/bc) 

e 


(l-6a) 


Fig.  A-5  Loads  on  a horizontal  element  in  the 
interior  prism  for  the  incomplete  condition 
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Loads  on  Negative  Projecting  Conduits 
Classification  Requirements 

An  underground  conduit  is  classed  as  a negative  projecting  conduit  if  all 
of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow  ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is  higher  than  the 
natural  ground. 

A ditch  is  sufficiently  narrow  if  the  load  on  the  conduit  as  computed  by 
the  negative  projecting  conduit  formula  is  less  than  the  load  on  the  con- 
duit as  computed  by  the  positive  projecting  conduit  formula. 

Projection  Condition 

When  the  backfill  material  around  and  above  a negative  projecting  rigid 
conduit  is  less  compressible  than  the  material  in  the  ditch  walls,  the 
projection  condition  exists.  The  projection  condition  exists  because 
loads  are  transferred  from  the  exterior  prisms  to  the  interior  prism. 

The  load  on  a negative  projecting  conduit,  projection  condition,  will 
usually  not  be  greater  than  that  obtained  by  using  Eqs.  1-5  and  1-6  when 
p = 1.  No  load  formulas  will  be  derived  for  negative  projecting  con- 
duits, projection  condition. 

Ditch  Condition 

The  ditch  condition  requires  that  loads  be  transferred  from  the  interior 
prism  to  the  exterior  prism.  The  ditch  condition  exists  when  the  back- 
fill is  more  compressible  than  the  natural  ground. 

Definitions  used  for  the  ditch  condition.  In  the  discussion  of  loads  on 
negative  projecting  conduits  for  the  ditch  condition,  the  following 
terms  are  redefined: 

1.  The  interior  prism  is  that  prism  of  backfill  and  embankment  ma- 
terials which  is  bounded  by  the  vertical  planes  coincident  with 
the  sides  of  the  ditch  containing  the  conduit,  the  top  of  the 
conduit,  and  the  plane  of  equal  settlement. 

2.  The  exterior  prism  is  that  prism  of  embankment  material  which  is 
bounded  by  the  interior  prism,  the  natural  ground,  the  the  plane 
of  equal  settlement. 

3*  The  critical  plane  is  that  film  of  particles  of  backfill  materi- 
als that  was  originally  lying  in  the  horizontal  flat  plane  at 
the  elevation  of  the  natural  ground  when  Hc  = p’bq. 

4.  The  plane  of  equal  settlement  is  that  film  of  particles  of  em- 
bankment materials  that  lies  in  the  lowest  horizontal  plane 
which  remains  as  a plane  as  settlement  takes  place.  This  neces- 
sitates that  the  settlement  of  a particle  of  embankment  at  any 
elevation  above  the  interior  prism  will  be  equal  to  the  settle- 
ment of  any  particle  having  the  same  elevation  above  the  exterior 
prism.  Thus  there  are  no  vertical  shears  existing  between  the 
particles  of  embankment  materials  above  the  plane  of  equal 
settlement . 
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5*  The  projection  ratio  p1  is  the  ratio  of  the  distance  between 
the  natural  ground  surface  and  the  top  of  the  conduit  (when 
Hc  = 0)  to  the  width  of  the  ditch  bd. 

Determination  of  height  of  equal  settlement  He.  Again,  to  determine 
whether  the  complete  or  incomplete  ditch  condition  occurs,  it  is  neces- 
sary to  determine  He.  The  derivation  shown  in  the  determination  of  He 
is  based  on  the  same  set  of  assumptions  that  A.  Marston  used  for  posi- 
tive projecting  conduits  and  will  give  slightly  greater  loads  than  the 
derivation  developed  by  M.  G.  Spangler.12 


Definitions  and  symbols  for  negative  projecting  conduits,  ditch  condi- 
tion, will  be  discussed  before  deriving  the  expression  for  the  height 
of  equal  settlement  He  since  some  are  different  from  those  used  for 
positive  projecting  conduits. 

Symbols.  The  symbols  used  to  evaluate  the  additional  settlement 
of  the  top  of  the  exterior  prism  are  (see  Fig.  A-6) 

Xen  = additional  consolidation  of  the  embankment  material 
between  the  natural  ground  and  the  plane  of  equal 
settlement,  ft 

Sg  = additional  settlement  of  the  natural  ground  surface  be- 
low the  exterior  prism  due  to  the  consolidation  of 
the  foundation,  ft 


The  symbols  used  to  evaluate  the  additional  settlement  of  the  interior 
prism  are  (see  Fig.  A-6) 

Xin  = additional  consolidation  of  the  embankment  material 
between  the  critical  plane  and  the  plane  of  equal 
settlement,  ft 

sc  = additional  deformation  of  the  conduit,  ft 

sr  = additional  settlement  of  the  bottom  of  the  conduit 

(i.e.,  the  surface  of  the  natural  ground  beneath  the 
conduit)  due  to  the  consolidation  of  the  foundation, 
ft 

sd  = additional  consolidation  of  the  backfill  material  be- 
tween the  top  of  the  conduit  and  the  critical  plane, 
ft 


Definition  of  settlement  ratio  5' . The  settlement  ratio  5’  is  the 
ratio  of  the  difference  of  the  additional  settlement  of  the  natural 
ground  in  the  exterior  prism  Sg  and  the  additional  settlement  of  the 
critical  plane  (sc  + sf  + sd)  to  the  additional  consolidation  of  the 
backfill  material  between  the  top  of  the  conduit  and  the  critical 
plane  sd . 


- (s  + sf  + sd) 


(l 


8* 


(A-13) 
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Fig.  A-6  Negative  projecting  conduit 
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Values  of  sd,  len,  ^in*  Expressions  for  the  values  of  sd,  Xen, 
and  are  obtained  in  a manner  similar  to  that  used  to  obtain  the 
additional  consolidation  for  positive  projecting  conduits. 


^in  ~ 


7(HC  ~ He)bd 
2Kp.E 


i - e 


-2Kn(Hg  - p ,'bd)/bd 


7(HC  - He)bd 
sd  2KUE 


2Kp(He  p ’bd)/bd 


-2Kp(He/bd) 

e 


(A-14) 


_ 7(HC  ~ He) (He  ~ P'ba) 
^en  - e 


Expression  for  He.  By  the  definition  of  the  plane  of  equal  settle- 
ment , the  additional  settlement  at  the  top  of  the  interior  prism  is 
equal  to  the  additional  settlement  at  the  top  of  the  exterior  prism. 


7(HC  - He)bd 
2KpE 


1 - e 


■2Ku(He  - p'bd)/bd  1 


J+  Sf  + sc  + 


Sd  = 


7(HC  - He)(He  - p*bd) 


(A-15) 


Rearranging  and  using  Eqs.  A-13  and  A-14-,  obtain 


e 


-2KM(He/bd) 


(5*  + 1)  e 


2Kup ' 


+ 2Km.  (He/t^)  — (2Kpp'  +l)=0 


(A-16) 


Complete  and  incomplete  conditions.  The  comparison  of  He/bd  values 
with  Hc/bd  values  define  whether  the  complete  condition  or  incomplete 
condition  exists. 

Hc  He 

When  ; — ^ • — , the  complete  ditch  condition  exists. 
bd  bd 


Hc  He 

When  : — > : — , the  incomplete  ditch  condition  exists. 
bd  bd 


The  value  of  He/bd  is  required  to  determine  the  load  on  a negative  pro- 
jecting conduit  for  the  incomplete  ditch  condition. 

Derivation  of  load  formulas  for  negative  projecting  conduit,  complete 
ditch  condition.  The  equations  for  the  load  on  negative  projecting  con- 
duits, complete  ditch  condition,  are  obtained  in  a manner  similar  to 
that  used  for  obtaining  Eqs.  1-5  and  l-5a. 


wc  = cn^d2 


(A-17) 
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where 


Cn 


-2Kn(Hc/bd) 

-2Kq 


(A-17a) 


Derivation  of  load  formulas  for  negative  projecting  conduits,  incomplete 
ditch  condition.  The  equations  for  the  load  on  negative  projecting  con- 
duits, incomplete  ditch  condition,  are  obtained  in  a manner  similar  to 
that  used  in  obtaining  Eqs.  1-6  and  l-6a. 

Wc  = cn7bd2 (A-18) 


where 


Cn  = 


-2Ku(He/bd)  _ 

- 2Kp 


+ 


bd 


He 

^d 


-2Ku(He/bd) 


(A-l8a) 


It  is  necessary  to  determine  the  value  of  He/bq  by  the  use  of  Eq.  A-l6 
to  solve  Eq.  A-l8a  since  Eq.  A-l8a  contains  He/bq  as  one  of  its 
variables . 


Ditch  Conduit  with  Compacted  Backfill 

An  underground  conduit  is  classed  as  a ditch  conduit  with  compacted  back- 
fill if  all  of  the  following  conditions  exist: 

1.  The  conduit  is  installed  in  a sufficiently  narrow  ditch. 

2.  The  ditch  is  backfilled  to  an  elevation  that  is  higher  than  the 
top  of  the  conduit  but  not  higher  than  the  original  ground  sur- 
face . 

3.  The  backfill  is  less  compressible  than  the  material  in  the 
ditch  walls . 


A ditch  is  sufficiently  narrow  if  its  width  is  less  than  the  values  of 
b^  as  computed  by  the  formula 


b 


j 

d - 


n b 2 
upDc 

Ho 


(A-19) 


The  load  on  the  conduit  depends  on  the  degree  of  compaction  of  the  mate- 
rial adjacent  to  the  conduit.  If  this  material  is  relatively  incompress- 
ible, part  of  the  weight  of  the  material  in  the  ditch  above  the  conduit 
will  be  transferred  through  the  adjacent  material  to  the  foundation. 
Therefore,  the  minimum  load  on  the  conduit  will  be  equal  to  the  weight  of 
the  material  directly  above  the  conduit.  If  the  material  adjacent  to  the 
conduit  is  relatively  compressible,  no  load  will  be  transferred  through 
the  material  to  the  foundation  and  the  load  on  the  conduit  approaches  a 
value  equal  to  the  weight  of  the  backfill  material  of  width  b^  in  the 
ditch  above  the  conduit.  For  conservative  design  the  latter  assumption 
is  used  and  the  load  on  the  ditch  conduit  with  compacted  backfill  is 


wc  = 7Hcba 


(A-20) 


a-oA 


If  external  loads,  such  as  wheel  loads,  cause  consolidtion  of  the  mate- 
rial in  the  ditch  wall,  the  loads  on  the  conduit  are  increased  and  the 
conduit  should  be  treated  as  a positive  projecting  conduit. 


Imperfect  Ditch  Conduit 


An  underground  conduit  is  classed  as  an  imperfect  ditch  conduit  if  the 
following  condition  exists: 

An  unusual  method  of  construction  is  used  to  insure  that  the  com- 
pressibility of  the  materials  in  the  interior  prism  immediately 
above  the  conduit  is  sufficiently  greater  than  the  compressibility 
of  the  materials  in  the  exterior  prisms.  Aq  embankment  is  con- 
structed in  the  usual  manner  to  a height  1 to  1 l/2  times  the  width 
of  the  conduit  above  its  top.  A trench  having  a width  bc  and 
centered  directly  above  the  conduit  is  dug  in  this  constructed  em- 
bankment to  the  top  of  the  conduit.  The  trench  is  loosely  back- 
filled to  the  top  of  the  trench  and  the  embankment  completed  in 
the  usual  manner. 

The  method  of  construction  is  used  to  insure  that  the  interior  prism 
will  settle  more  than  the  exterior  prism  so  that  the  friction  forces 
acting  on  the  interior  prism  will  reduce  the  vertical  load  on  the  con- 
duit. This  type  of  construction  should  never  be  used  through  an  em- 
bankment that  is  used  to  store  or  retain  water. 

The  load  formulas  for  an  imperfect  ditch  conduit  are  the  load  formulas 
for  negative  projecting  conduits,  ditch  condition. 


Conduit  on  Compressible  Bedding 

An  underground  conduit  is  classed  as  a conduit  on  compressible  bedding 
if  the  following  condition  exists: 

An  unusual  method  of  construction  is  used  to  insure  that  the  foun- 
dation material  under  the  conduit  is  more  compressible  than  the 
foundation  material  adjacent  to  the  conduit.  This  is  accomplished 
by  excavating  a trench  in  the  foundation  material  slightly  wider 
than  the  outside  width  of  the  conduit.  The  trench  is  backfilled 
with  compressible  material.  The  conduit  is  installed  on  the  com- 
pressible material. 

This  type  of  construction  insures  that  the  ditch  condition  exists. 

This  requires  that  the  interior  prism  settles  more  than  the  exterior 
prisms.  The  shearing  forces  transfer  a portion  of  the  weight  of  the  in- 
terior prism  to  the  exterior  prisms.  Conduits  on  compressible  bedding 
should  not  be  used  where  the  function  of  the  embankment  is  to  store 
water . 


The  load  formulas  for  a conduit  on  compressible  bedding  are  the  load 
formulas  for  positive  projecting  conduits,  ditch  condition. 


B-l 


APPENDIX  B - DERIVATION  OF  SUPPORTING  STRENGTH  FORMULAS  FOR 
CIRCULAR  RIGID  PIPES  INSTALLED  ON  PROJECTING  CRADLES  AND  BEDDINGS 


In  a field  installation  the  supporting  strength  of  a pipe  is  greater  than 
that  determined  by  the  three-edge  bearing  test.  A more  favorable  load 
distribution  exists  on  pipes  in  the  field  installation  than  that  of  the 
three-edge  bearing  test. 


Load  Factor 


The  ratio  of  the  supporting  strength  of  the  pipe  in  any  stated  loading 
condition  Rc  to  the  supporting  strength  of  pipe  in  three-edge  bearing 
Ret)  is  called  the  load  factor. 


L -Al 

f Reb 


(2-2) 


The  value  of  a load  factor  depends  on  the  distribution  of  the  loads  on 
the  conduit.  The  type  of  cradle  or  bedding  associated  with  the  conduit 
together  with  the  classification  of  the  underground  conduit  determines 
the  distribution  of  the  load  on  the  conduit. 


Total  Load  = Wc 


Fig.  B-la  Assumed  load  dis-  Fig.  B-lb  Assumed  load  distribu- 

tribution  for  the  case  of  tion  on  an  underground  conduit 

three-edge  bearing  installed  on  a projecting  bedding 

Figure  B-lb  is  a generalized  load  pattern  consisting  of  five  variables 
a or  p,  r,  it-j- j and  Wc).  This  pattern  was  prepared  from  a study  of 
experimental  data  of  loads  on  underground  conduits.  Because  of  the  va- 
riety of  values  of  these  five  variables,  it  is  impractical  to  obtain 
load  factors  by  actual  test.  An  expression  for  the  load  factor  in  terms 
of  these  variables  has  been  analytically  derived.5  The  expression  for 
the  load  factor  is  determined  by  the  following  procedure: 
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The  maximum  allowable  fiber  stress  in  a pipe  for  the  three-edge  bearing 
test  is  derived  (Fig.  B-la).  This  is  set  equal  to  the  derived  maximum 
fiber  stress  for  the  assumed  load  pattern  given  in  Fig.  B-lb . The  re- 
sulting equation  is  rearranged  to  give  Rc/Reb  or  the  load  factor  Lf. 

The  maximum  fiber  stress  for  the  three-edge  bearing  load  is  to  be  ex- 
pressed in  terms  of  Rg^  and  r.  The  maximum  moment  in  the  shell  of  a 
rigid  pipe  for  a three-edge  bearing  load  occurs  at  the  bottom  and  the 
top  oi  tne  pipe.  Since  tension  is  the  critical  stress  for  most  rigid 
pipes,  the  pipe  fails  at  the  inside  surface. 

The  horizontal  reaction  Rg  is  zero  since  no  horizontal  loading  is 
assumed  in  the  three-edge  bearing  test  (see  Fig.  B-3).  By  the  flexure 
formula 


M-rc 

^eb  = ~y (B-l) 

The  value  of  Mg  is  not  statically  determinable.  A relation  based  on 
the  elastic  properties  of  the  pipe  is  required  to  determine  Mg. 


Elastic  Theory  of  a Thin  Ring 
The  Bending  of  a Beam  by  a Moment  M 

The  application  of  a moment  at  any  section  C of  a static  beam  (see  Fig. 
B-2)  will  cause  compressive  stresses  in  the  fibers  on  one  side  of  the 
neutral  surface  and  tensile  stresses  on  the  opposite  side  of  the  neu- 
tral surface.  This  causes  bending  in  the  beam  and  a tangent  line  to 
the  neutral  surface  is  rotated  through  an  angle  AG.  The  relation  of 
the  angle  AG  and  moment  M is  derived. 

Consider  a differential  element  (see  Fig.  B-2)  in  compression  of  a 
length  Ai  a distance  y from  the  neutral  axis.  The  rotation  of  the  tan- 
gent through  an  angle  AG  causes  a change  in  the  central  angle  by  the 
amount  AG.  The  differential  element  is  shortened  by  the  amount  yAQ. 

The  unit  deformation  is  <5  = yA0/A£.  By  Young's  modulus  (E1  = a/d)  the 
total  stress  on  the  differential  element  of  a cross-sectional  area  Aa 
is 

aq 

AS  = aAa  = E'o  Aa  = E'y  ^ Ael 

The  moment  of  this  differential  element  with  respect  to  the  neutral  sur- 
face is 


AM  = yAS 


or 


dM  = E'y2  da 

Assuming  the  modulus  of  elasticity  is  the  same  for  both  compression  and 
tension  obtain,  on  integrating, 
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M = E’l 


d0 
d l 


(B-2) 


where  — = the  instantaneous  rate  of  change  of  the  angle  which  the  tan- 
gent to  the  neutral  surface  is  rotated  per  unit  length  of 
the  neutral  surface.  This  rate  of  rotation  is  caused  by 
the  moment  M.  The  value  of  do/di  is  also  equal  to  the  in- 
stantaneous rate  of  change  (caused  by  the  moment  M at  sec- 
tion C)  in  the  central  angle  per  unit  length  of  the  neutral 
surface.  The  central  angle  0 for  a circular  ring  is  meas- 
ured from  any  fixed  radius  to  the  section  C. 


o 


Fig.  B-2  Bending  of  a circular  beam  caused  by  a moment  at  a section 

The  total  change  in  the  central  angle  (02  - 0-jJ  by  application  of  a vari- 
able moment  M in  the  segment  of  a thin  ring  subtending  the  angle  0 is 
(observing  that  di  = rd0) 


The  change  in  the  central  angle  between  sections  A and  B is  zero  for  a 
symmetric  loading  on  the  ring.  Therefore,  multiplying  the  integrand  of 
Eq.  B-3  by  the  constant  E’l/r,  obtain 


(B-4) 


M d0  = 0 
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Maximum  Fiber  Stress  for  Three  -edge  Bearing  Load 

The  moment  M at  any  point  C in  the  ring  is  contained  in  the  integrand 
of  Eq.  B-4.  This  is  to  be  expressed  in  terms  of  Reb^  and  the  moment 
Mp  at  B.  By  statics  (see  Fig.  B-3) 

Reb 

M = Mp — r sin  9 


Substituting  into  Eq.  B-4 


obtain 


7 r 

sin  9 d0  = 0 


Reb  r 

7 r 


A factor  of  0.75  is  applied  to  allow  for  the  shift  in  the  neutral  axis 
and  for  the  non-linear  proportionality  of  stress  and  strain  near  ulti- 
mate stress  or 


0.75  Reb  r 

TT 


(B-5) 


I tr 

Observing  that  — = — and  substituting  Eq.  B-5  into  Eq.  B-l,  obtain 

c 6 


_ 1.451  Reb  r 

eb  t2 


(B-6) 


Second  Relation  by  Elastic  Theory 


A second  relation  based  on  the  elastic  theory  is  required  for  the  deri 
vation  of  the  expression  for  the  maximum  fiber  stress  for  the  assumed 
load  pattern  given  in  Fig.  B-lb 
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The  second  relation  is  found  by  a consideration  of  the  displacement  of 
the  end  of  a circular  beam  caused  by  rotating  the  beam  at  a section 
through  a small  angle.  Rotating  a beam  at  section  C through  any  small 
angle  | will  cause  the  free  end  B to  be  displaced  (see  Fig.  B-4). 


Fig.  B-4  Displacement  of  the  end  of  a circular 
beam  caused  by  a small  rotation  at  a section 


Since  CCS  C’W,  and  CW  are  perpendicular  to  B’B",  BB",  an(^  BB'  respec- 
tively, then 


AWC'C  « ABB"B' 


and 


B'B" 

BB’ 


CC1 

CW 


when  the  angle  | at  point  C is  small,  then  approximately 


BB*  = CB| 
CB  = CW 


Hence  the  horizontal  displacement  B*B"  of  the  point  B due  to  a rotation 
at  section  C is 

B’B"  = CC’£  but  CCl  = r(l  — cos  0)  then 

B'B"  = |r(l  - cos  0)  . (B-7) 

The  rotation  per  unit  length  of  beam  A0  at  any  section  C caused  by  the 
moment  M is  given  by  (see  Eq.  B-2) 


A0 


M 

E*  I 


A i 


The  horizontal  displacement  of  point  B by  the  rotation  A 0 is  obtained  by 
substituting  A0  for  £ in  Eq.  B-7- 


(l  — cos  0)  A a 
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The  sum  of  all  displacements  at  point  B caused  by  the  moment  M at  all 
sections  C in  the  interval  0 < 9 < tt  is  zero  for  a symmetric  loading  on 
the  ring.  Observe  that  A i = rA0,  then 


7 r 

Mr2 

E’l 


(1  — cos  9)  d9  = 0 


Multiplying  by  E’l/r2  and  subtracting  from  Eq.  B-^ 


7T 

M cos  0d9  = 0 


(B-8) 


Maximum  Fiber  Stress  in  a Pipe  Installed  on  a Bedding 
The  fiber  stress  is  obtained  for  the  load  pattern  given  by  Fig.  B-lb. 

The  load  Rc  is  that  load  which  causes  failure.  The  maximum  fiber  stress 
for  the  given  load  pattern  is  to  be  expressed  in  terms  of  Rc.,  r,  (3,  a, 
and  The  maximum  moment  in  the  shell  of  a rigid  pipe  for  a symmetri- 

cal loading  about  a vertical  diameter  is  either  at  the  top  or  at  the 
bottom  of  the  pipe.  Pipes  on  cradles  fail  at  the  top  and  pipes  on  bed- 
ding fail  at  the  bottom  of  the  pipe. 

By  the  flexure  formula  and  observing  that  a direct  stress  Rg  is  to  be 
considered  (see  Fig.  B-5) 

fec  = MB  f - y (B-9) 


The  values  of  Mg  and  Rg  are  not  statically  determinable  and  are  deter- 
mined by  the  use  of  Eqs.  B-k  and  B-8.  An  expression  for  M (moment  at 
any  section  C of  the  pipe  wall)  is  written  for  all  values  of  9 in  the 
intervals  0^9^  ft,  ft  ^ 0 ^ a,  a ^ 0 ^ tt/2,  and  7r/2  ^ 0 ^ tt,  using  the 
principles  of  statics.  These  expressions  are  substituted  into  Eqs.  B-4 
and  B-8  with  the  proper  limits.  After  integration  the  values  of  Mg  and 
Rg  are  determined. 

The  values  of  Rg  and  Mg  are 


R, 


rb  = 


mB  ” 


(COB  e + 2Y  H) 

Yk+ 


3r  Rc 
b-jr 


- cos'”  ft  ■LKt  . ft  , 3 COS  ft 
E~  ^ 3 8 sin  p 5 


it  sin  ft  ^ ft  sin  ft  + Kt 


k+Z 


~T~ 


(B-10) 

37T 

TS 


. . (B-ll) 
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where 


Y _ cos  a - 3a  cos  cc  + sin  a cos  a + 2 sin  a (b-12) 

1 + cos  a 


z _ 2tt  cos2  a - 2a  cos2  a + 3 cos  a sin  a + it  - a (B-13) 

1 + cos  a 

As  before  a factor  of  0.75  has  been  applied  to  the  moment  Mg. 

I t2 

Observing  that  — = — and  substituting  Mg  and  Rg  into  Eq.  B-9  and  letting 
t = O.l^r,  obtain 

rR 


6 


ec 


t 


r <XP  - 


(B-14) 


where 


A 


15.5  _ 0.775  eos^  p 9P 

16  7T  16tt  sin  p 


. 13.5  cos  3 

+ S¥ 


9 sin  3 , 93  sin  3 

— 8 + 8i 


. . . . (B-15) 


and 


X = 
a 


1.55Y  1.125Z 


IT 


TT 


(B-16) 


where  Y and  Z are  defined  by  Eqs.  B-12  and  B-13. 


Fig.  B-5  Assumed  loads  for  actual  field  conditions 
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Maximum  Fiber  Stress  in  Pipe  Installed  on  Cradles 


Pipes  installed  on  cradles  fail  at  the  top. 

The  maximum  fiber  stress  at  the  top  of  the  pipe  is  (see  Fig.  B-5) 

-P  M C RA  , 

fec  = % i - ~ (B-17) 


The  values  01  MA  and  RA  are  obtained  by  use  of  the  values  of  Mg  and  R- 
and  the  principles  of  statics.  They  are  a 


rRc 

Ma  = — - 

A 7T 


cos2  P 


Yk. 


+ 


3 + 8 sin  p 


8 


+ 


3 cos  p 

5 


P sin  (3  Kt^  ^t  ^t  cos  a 

+ r + Tf o 2 


Rc 

RA  = “ 

A IT 


7Tk. 


T 


COS2p  _ 


i 


t r 

15 


. . (b-i8) 

. . (B-19) 


Lt  5"  3 

Substituting  Ma  and  RA  into  Eq.  B-17  and  letting  t = 0.15  r,  obtain 


rR~ 

fec  = -J#  (Xp  " HXa> 

where 

X = °-77^  cos2  p 0.5625P  1.6875  cos  p 

P it  FsirTp  ? 

- 0.28125  + L-1258  sin  p (B-20) 

7T  v 

and 

X = 2.40  + 2.25  cos  a - — 2^Z  - • . . (B-21) 

a IT  TT  K ' 


where  Y and  Z are  defined  by  Eqs.  B-12  and  B-13. 


Load  Factor  for  Projecting  Cradles  and  Beddings 
Equating  Eqs.  B-6  and  B-l4,  obtain 
1.431  R b r rRc 

= -pr  (Xp  - Ktxa) 


or 


_Rc_ 
'f  Reb 


1.431 

Xp  — K-j-Xa 


(2-5) 
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APPENDIX  C - EVALUATION  OF  THE  SETTLEMENT  RATIO 
FOR  POSITIVE  PROJECTING  CONDUITS 


•i)  • 


The  settlement  ratio  5 is  a parameter  used  in  load  formulas  of  positive 
projecting  conduits.  Its  value  is  required  to  determine  the  height  of 
the  plane  of  equal  settlement  He.  The  settlement  ratio  is  defined  as 
the  ratio  of  the  difference  of  the  additional  settlement  of  the  top  of 
the  conduit  and  the  additional  settlement  of  the  critical  plane  in  the 
exterior  prism  to  the  additional  consolidation  of  the  embankment  mate- 
rial below  the  critical  plane. 

(sm  + sr)  ~ (5f  + sc) 
s m 

where  sm  = additional  consolidation 
exterior  prism  between 
ral  ground  surface,  ft 

Sg  = additional  settlement  of 
the  exterior  prism  due 
tion,  ft 

sm  + Sg  = additional  settlement  of  the  critical  plane  in  the  ex- 
terior prism,  ft 

sc  = additional  deformation  of  the  conduit,  ft 

Sp  = additional  settlement  of  the  bottom  of  the  conduit  (i.e., 
the  surface  of  the  natural  ground  beneath  the  conduit) 
due  to  the  consolidation  of  the  foundation,  ft 

Sf  + sc  = additional  settlement  of  the  top  of  the  conduit,  ft 
The  equation  for  determining  the  height  of  equal  settlement  Hg  is 

e T 2Kp  (Hg/bc ) = ± 2Kp5p  +1 ( 1-b ) 

The  value  of  Hg  can  be  determined  from  Eq.  1-^  if  the  values  for  5 and 
the  other  variables  are  known. 

The  present  method  of  estimating  the  value  of  5 is  based  on  a considera- 
tion of  test  data  taken  from  studies  made  on  existing  underground  con- 
duits. The  values  of  5 obtained  by  these  tests  showed  wide  variation 
and  could  not  be  definitely  correlated  with  the  conditions  under  which 
the  conduits  had  been  installed.9  This  lack  in  correlation  appears  to  be 
the  result  of  the  incorrect  assumption  that  values  of  p have  minor  in- 
fluences on  the  value  of  5. 

An  analytical  derivation  for  the  expression  of  5 is  presented.  This  ex- 
pression for  8 is  in  terms  of  factors  that  are  readily  determined  for 
the  particular  site  and  conditions  under  which  the  conduit  is  installed. 

The  existence  of  a lower  plane  of  equal  settlement  can  be  proved  by  the 
same  procedure  as  Marston4  used  to  prove  the  existence  of  an  upper  plane 
of  equal  settlement. 


(1-3) 

of  the  embankment  material  in  the 
the  critical  plane  and  the  natu- 

the  natural  ground  surface  below 
to  the  consolidation  of  the  founda- 
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Assumptions 

The  following  assumptions  are  made  in  the  derivation: 

a.  Vertical  shearing  planes  exist  adjacent  to  the  cradle  (or  con- 
duit if  no  cradle).  The  shearing  plane  is  taken  adjacent  to 
the  cradle  because  the  total  load  on  the  cradle  is  to  be  evalu- 
ated. The  additional  load  on  the  cradle  is  required  to  evalu- 
ate the  additional  settlements  in  the  interior  prism  below  the 
conduit . 

b.  Cohesion  is  negligible. 

c.  The  magnitude  of  the  shearing  stresses  is  equal  to  the  active 
lateral  pressure  at  the  vertical  shearing  planes  multiplied  by 
the  tangent  of  the  angle  of  internal  friction  of  the  embank- 
ment material. 

d.  The  weight  of  the  embankment  material  above  the  top  of  the  con- 
duit produces  a uniform  vertical  pressure  over  the  entire  width 
of  the  interior  prism. 

e.  The  load  on  any  horizontal  differential  element  in  the  interior 
prism  below  the  bottom  of  the  conduit  is  a uniform  vertical 
pressure  over  the  entire  width  of  the  interior  prism. 

f.  The  shear  at  the  sides  of  the  interior  prism  is  distributed  as 
uniform  vertical  pressure  (by  virtue  of  internal  friction  in 
the  embankment  or  foundation  materials)  over  the  entire  width 
of  the  interior  prism. 

g.  The  shear  at  the  sides  of  the  exterior  prism  is  distributed  as 
uniform  vertical  pressures  throughout  the  embankment  and  foun- 
dation in  the  infinitely  wide  exterior  prism  and  its  effect  on 
the  consolidation  in  the  exterior  prism  may  be  neglected. 

h.  The  embankment  and  foundation  materials  have  constant  moduli  of 
consolidation. 

i.  The  weight  of  the  conduit  and  cradle  are  neglected. 

j . One  mathematical  approximation  is  made  in  the  derivation  for 
Case  c and  two  mathematical  approximations  are  made  for  Case  d. 


Symbols 

The  following  additional  symbols  are  used  in  the  derivation: 

b = bottom  width  of  cradle,  ft.  When  no  cradle  is  used, 
b = bc  = outside  width  of  conduit,  ft 

= distance  between  the  top  of  the-  conduit  and  the  upper  plane 
of  equal  settlement  when  the  interior  prism  has  a width  b 
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p* 

= vertical  pressure  on  a horizontal  plane  within  the  interior 
prism  when  the  embankment  height  is  equal  to  or  less  than 
the  height  of  equal  settlement,  lbs/ft  length  of  conduit 

p” 

= additional  vertical  pressure  on  a horizontal  plane  within  the 
interior  prism  due  to  the  weight  of  the  material  above  the 
plane  of  equal  settlement,  lbs/ft  length  of  conduit 

E 

= modulus  of  consolidation  of  the  embankment  material,  tons/ ft2 

Ef 

= modulus  of  consolidation  of  the  foundation  material,  tons/ft2 

<t>p 

= angle  of  internal  friction  of  the  foundation  material 

M-f 

= tangent  of  the  angle  of  internal  friction  4>p  for  the  foundation 
material 

Kf 

= ratio  at  a point  of  active  lateral  pressure  to  vertical  pres- 
sure on  the  foundation  material 

?f 

= unit  weight  of  foundation  material,  lbs/ft3 

= distance  between  the  bottom  of  the  cradle  and  the  lower  plane 
of  equal  settlement,  ft.  When  no  cradle  is  used,  it  is  the 
distance  between  the  bottom  of  the  conduit  and  the  lower 
plane  of  equal  settlement. 

Hf 

= distance  between  the  bottom  of  the  cradle  and  the  nonyielding 
foundation  material,  ft.  When  no  cradle  is  used,  it  is  the 
distance  between  the  bottom  of  the  conduit  and  the  nonyield- 
ing foundation  material. 

4bc 

= vertical  distance  between  the  natural  ground  line  in  the  ex- 
terior prism  and  the  bottom  of  the  cradle  (or  the  bottom  of 
the  conduit  if  no  cradle  is  used),  ft 

a 

2K|~i 

b 

af 

b 

Cases 

The  four  cases  represented  hy  the  drawings  shown  on  ES-115>  page  3-^7 
will  he  considered  separately. 

Case  a.  Value  of  5 for  conduits  resting  on  rock  foundation 

When  the  conduit  and  embankment  are  on  nonyielding  foundation,  the  values 

of  Sg,  sc,  and  sp  are  zero.  Thus  by  Eq.  1-3 

6 = — = 1 (C-l) 

Q X 


c-4 


'^ase  b. Value  of  5 Tor  conduits  resting  on  rigid  support  with  com- 

pressible adjacent  foundation  and  embankment  materials. 

When  the  conduit  is  on  nonyielding  foundation,  the  values  of  sf  and  sc 
are  zero. 


6 = + sg)  = i + fg 

s m % 

The  additional  consolidation  sm  of  the  adjacent  material  between  the  top 
of  the  conduit  and  the  natural  ground  is  that  consolidation  due  to  the 
additional  load.  The  additional  load  is  the  weight  of  the  embankment 
between  H = Hc  and  H = H^.  (See  assumption  g. ) 

7(HC  - 4)  ^ 

sm  tt  pbc (C-2) 


Similarity,  the  additional  consolidation  s of  the  material  between  the 
natural  ground  and  the  bottom  of  the  cradle  is  (see  assumption  g) 


s 


g 


7f(Hc  ~ He) 
Ef 


fbc 


(c-3) 


On  substituting  these  values  of  sm  and  sg,  obtain 


5 = 1 + 


7_f_  _E_  f 
7 Ef  P 


(C-4) 


Case  c . Determination  of  the  settlement  ratio  5 when  the  foundation 
material  below  the  top  of  the  conduit  is  homogeneous  material  of  suffi- 
cient depth. 

By  Eq.  1-3  when  sc  = 0,  the  value  of  5 for  rigid  conduits  is 


5 = 


Jm 


+ sg  sf 


Jm 


(c-5) 


But  by  definition  the  upper  plane  of  equal  settlement  is  the  lowest 
horizontal  plane  at  which  the  additional  settlement  at  the  plane  for 
the  top  of  the  interior  prism  is  equal  to  the  settlement  at  the  plane 
for  the  exterior  prism,  i.e., 

Sp  + \j_  = Sg  + ^0  + Sjq (C-6) 

The  evaluation  of  Sp,  sg,  sm,  \p,  and  \e  is  made  later. 

Lower  plane  of  equal  settlement.  In  the  derivation  of  5 for  this  case, 
a lower  plane  of  equal  settlement  is  recognized.  At  this  plane  the  in- 
tensities of  pressure  of  the  interior  prism  are  equal  to  those  of  the 
exterior  prism.  Furthermore,  the  additional  consolidation  of  every  por- 
tion of  each  horizontal  plane  below  this  plane  of  equal  settlement  are 
equal.  When  loads  are  transferred  into  the  upper  interior  prism,  loads 


c-5 


are  transferred  out  of  the  lower  interior  prism.  Thus,  shearing  forces 
of  the  upper  interior  prism  are  oppositely  directed  from  those  of  the 
lower  interior  prism.  The  additional  consolidation  in  the  interior 
prism  is  equal  to  the  additional  consolidation  in  the  exterior  prism 
between  the  upper  and  lower  planes  of  equal  settlement  when  a rigid  con- 
duit is  installed.  Hence, 


+ ^i  ~ 


+ sm  + 


(c-7) 


The  evaluation  of  \ involves  the  summation  of  the  additional  consolida- 
tions resulting  from  the  variable  additional  pressures  of  each  hori- 
zontal differential  element.  These  pressures  are  evaluated  next.  The 
top  sign  in  all  of  the  following  expressions  pertains  to  the  projection 
condition  and  the  bottom  sign  pertains  to  the  ditch  condition. 

Expressions  for  P^  and  P^'.  Equating  the  vertical  forces  on  the  differ- 
ential element  AH  (see  Fig.  C-l)  for  the  interval  (Hc  — Hg)  < H < Hc . 

aP  = 7b (C-8) 

P" 

(Hc  + pbc  + fbc)  < H < (Hc  + pbc  + fbc  + Hg) 

afP  = 7fb  ...............  . (C-9) 


® j 

dH 


where 


P = P!  + 


For  the  interval 


dP 

dH 


On  observing  the  existence  of  the  plane  of  equal  settlement  and  since 
Eq.  C-8  is  a linear  homogeneous  differential  equation,  it  may  be  written 
in  two  components . 

riP  * 

~~  T aP!  = 7b (C-8a) 


dP" 

dH 


T aP" 


= 0 


(C-8b) 


and  similarly  Eq.  C-9  is  written 


— ± afpf  = 7^ (C-9a) 

dp" 

5/  * afp”  =0 (C-9b) 


The  general  solution  of  Eq.  C-8b  is 


P" 


±aH 

c e 


(C-10a) 


where  c is  an  arbitrary  constant. 


C-6 


) 


c-7 


When  H = Hc  — H^,  P"  = 7b  (Hc  — the  value  of  c is 

C = 7b(Hc  — H^)  e (C-lOb) 

At  the  top  of  the  conduit  H = Hc  and  P"  = p". 

P”  = 7b(Hc  - B£)  (C-ll) 

where  P”  = additional  vertical  pressure  on  a horizontal  plane  at  the 
top  of  the  conduit 

The  general  solution  of  Eq.  C-9b  is 

TafH 

Pj  = ce  .................  (C-12a) 

where  c is  an  arbitrary  constant. 

When  H = Hc  + pbc  + tbc,  then  P^'  = P",  the  value  of  c is 

, , v *[aHe  + af(Hc  + pbc  + tbc)l 

c = 7b(Hc  “ H^)  e J . . . . . (C-12b ) 

At  the  lower  plane  of  equal  settlement  H = HP  + pb~  + fb,-.  + Eh  and 

P”  = P”. 

„ / t S *(aH|  - afHt) 

Pj  = 7fl)(Hc  - H^)  e (C-13) 

where  P^'  = additional  vertical  pressure  on  a horizontal  plane  at  the 
lower  plane  of  equal  settlement 

Expressions  for  \e,  \q,  and  \.[.  The  differential  equation  express- 

ing the  additional  consolidation  in  the  interior  prism  is 

d7.i  = dH 

Substituting  the  value  of  P"  previously  determined  (see  Eqs.  C~8a  and 
C-8b) 


d\i 


= 1 (Hc 


H,)e«[H-(Hc-n4)]aH 


The  general  solution  is 


7 


U = g (hc  - 4)  e 


fa(Hc  - H4) 


A c 


±aH 

e + 


. (C-l4a) 


where  c is  an  arbitrary  constant. 

When  H = Hc  — then  = 0,  and  the  value  of  c is 


c = -e 


±a(Hc  - H^) 


(C-l4b) 
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The  total  additional  consolidation  in  the  interior  prism  h-j  between 
H = Hc  — and  H = Hc  is 


M. 


- h£)  , taH.  N 

— ^ (e  e-  i) 


(c-15) 


ihe  additional  consolidation  in  the  exterior  prism  \q  for  the  interval 
(Hc  - H^)  < H < Hc  is 


^e 


y(Hc  - 4) 

E 


El 


(C-l6) 


The  differential  equation  expressing  the  additional  consolidation  in  the 
lower  interior  prism  is 


dH 


Substituting  the  value  of  P^'  previously  determined,  Eqs.  C-9a  and  C-9b, 
the  general  solution  is 


| _ 7f(HC  He)  ±[aH4  + af(Hc  + pbc  + #bc)] 


1 Ta^H 

(e  + c) 


Ta 


. . . . (C-17a) 


where  c is  an  arbitrary  constant. 

When  H = Hc  + pbc  + fbc,  then  = 0,  and  the  value  of  c is 


c = - e 


Taf(Hc  + pbc  + fo>c) 


(C-l7b) 


The  total  additional  consolidation  in  the  lower  interior  prism  between 
H = Hr  + pbP  + fbr  and  H = Hr  + pb0  + fbr  + H « is 


'c  , T^c  xx  - xxc  t , fuc  ■ 

, 7f(:IC  “ He)  <aK^  . _ TarHt  . 

= ±afEf  e (1  - e ) 


(C-18) 


The  additional  consolidation  \ l in  the  lower  exterior  prism  is 

, 7f(Hc  - He) 


^e 


(Hf  + *bc) 


(c-19) 


The  additional  settlement  sm  of  the  material  adjacent  to  the  conduit  is 

7(HC  - Hp 


sm  — 


E 


pb. 


(C-2) 


The  expression  for  H^.  The  expression  for  is  obtained  by  substituting 
the  evaluations  of  \-L  and  \e  previously  determined,  Eqs.  C-15  and  C-l6, 
into  Eq.  C-6. 


S -p  + 


7(Hc  - H«i)  , taHe 


±aE 


( e - 1)  = se  + sm  + 


7(HC  - El)  1 

E ^ 


c-9 


Rearranging  and  using  Eq.  l-~5,  Ss^j  = sm  + Sg  - Sp 


y (He  - 4) 

y t?  p^c 


7(HC  - 4) 

“ ( e 


±aE 


7 (Hc  - 4) 

4 I ^ 


which  reduces  to 

e±aH'  _ 1 = ±a5ppc  ± aH^ 


or 


e±aH^  T aH^  = ±a5pbc  + 1 (C-20) 

This  relation  evaluates  the  position  of  the  plane  of  equal  settlement 
for  the  conduit  and  cradle 0 This  relation  differs  from  Eq.  1-4  which 
evaluates  the  plane  of  equal  settlement  for  the  conduit. 

Expression  for  . By  definition  the  location  of  the  lower  plane  of 
equal  settlement  is  determined  by  observing  that  the  additional  vertical 
pressure  at  the  lower  plane  of  equal  settlement  is  equal  to  the  addi- 
tional vertical  pressure  at  the  upper  plane  of  equal  settlement. 


7(HC  - Hpb  = 7fb(Hc  - HP 


± (aH,L  ~ afH^ 


Rewriting 


_z_ 

?f 


0 ± (aHg  af^£ ) 


or 


and 


aHg  ^f-^H  — T Log 


7_ 


(C-21) 


H,  = — Hi  ± — Log  (C-22) 

ap  e ap  7p  v ' 

If  the  approximation  7 = 7p-is  made,  then 

4 = ^ He (C-23) 


Expression  for  evaluation  of  5.  Substituting  the  evaluations  of  sm, 
X±,  \e,  and  \'e  as  given  by  Eqs.  C-2,  C-15>  C-l6,  C-l8,  and  C-19 
into  Eq.  C-7>  obtain 


7(hc  - 4)  ( e taHi _ 1}  + Mhc  - 4) 


±aE 


i apEp 


>±aHa  _ g ±aHe  TafHt 


7(HC  - 4) 


(He  + pbc)  + 


7f(Hc  - 4) 


Ef 


(4  + >fbc) 


E 
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y(H°  He^  7f(Hc  ~ H^)  ±aH| 


±aE 


(e  " d-e?8fH‘) 


7(HC  - h£) 


E 


(pbc  + H^)  + 


7f(  Hc~4) 


E. 


(H_£  + fbc) 


±Q 

Multiplying  by  - _ and  substituting  Eqs.  C-20  and  C-23,  obtain  on 

tLc  Hg 

rearranging 


±a7  , , , If  _a_ 

E + ^ + Ef  af 


±a5pbc  ± aH<L  + 1 - 


7 


±a7f 

E " ^ + Pbc) 


±a7 


~ 1 r:  L°g  y-  + tb( 


af 


a. 


On  rearranging 


6 = 


1 + 

7f  E 

f 

P 

7f  E 

1 

Tna  7 nl 

_7  Ef 

7 Ef 

afPbc 

L 7f  7 J 

1 + 

Zl  JL 

7 Ef 

a 

af 

. (C-24) 


By  approximating  the  last  term  to  be  negligible  (i.e.,  = l)  obtain 

7f 


5 = 


1 + 

Zf  E_ 
7 Ef 

P 

1 + 

Z f JL 

7 Ef 

Kpiip 

• (c-25) 


Equation  C-25  gives  the  expression  for  6 when  the  foundation  material  is 
homogeneous  for  a sufficiently  great  depth.  The  depth  Hp  is  sufficiently 
great  if 


% * H£ 

or  from  Eq.  C-23 


lip  ^ 


J&L. 

KpM-f 


Case  d.  Determination  of  the  settlement  ratio  S when  the  foundation 
material  is  shallow  (Hp  < H^) 

The  additional  settlements  of  the  interior  prism  and  exterior  prisms  for 
Case  d at  H = H + (p  + t) bc  + Hp  are  equal.  By  the  definition  of  the 
plane  of  equal  settlement,  the  additional  consolidations  in  the  interior 
prism  and  exterior  prisms  between  the  plane  of  equal  settlement  and  the 
nonyielding  foundation  are  equal. 


C-ll 


This  results  in  the  relation 

Xi  + \i  = \e  + \e  + ^tn 


The  evaluations  of  the  terms  s^  \q,  and  \e  are  given  by  Eqs.  C-2,  C-15, 
and  C-l6.  The  evaluations  of  X|  and  4 are  obtained  by  substituting  Hp 
for  H ^ in  Eqs.  C-l8  and  C-19.  Making  these  substitutions,  obtain 


7f(He  ~ 4)  ^ 
±apEp 

7f(Hc  - 4) 

E-p 


1 -e 


Ta-fHf 


7(HC  - H^) 


(Hf  + fbc) 


+ 


+ 


±aE 


±aHi 

e - 1 


7(HC  ~ 4)  , 


E 


(Hi  + pbc) 


Multiplying  by 


±apEp 


7f(H c - Hi) 


— and  substituting  xaH^  for  apHp 


taH<L 


1 - e 


TaxHg 


+ 


y ap  Ep 

71  ~a  T 


±aHi 

e - 1 


= ±(ax4  + aftbc)  * ap  Y"  (4  + Pbc) 


Recognizing  that  0±aHe_  q _ ±a5pbc  ± a4 


1 + 


y ap  Ep 

7^  T T 


± a5pbc  ± a4 


p _ e±a(i  " x)He 


E 

= ± (axHe  + ap^bc)  ± ap  — Y"  (He  + pHc) 


or 


1 + r- 


y ap  Ep 


7p  a E 


1 


(Spbc)  + ili 


1 - e 


±a(l  - x) HL 


+ (1  - x)Hl 


&-4 


y ap  Ep 


a tbc  + 7f  a e pbc 


Make  the  approximation 


±a 


1 - e 


±a(  1 — x)  Hi 


+ (1  - x)4  = (x  - 1 ) Spb ( 


C-12 


Obtain 

-y  af  E-p 

(5ptc)  = T *bQ  + - - T Pbc 
or 


y a-p  E-p 
7 -p  a E 


8 = 


1 + 


7f  E_  f 
7 Ef  P 


7f  % 

7 EfJ^ 


. (C-26) 
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Interior  prism  (defined)  1-4,  A-9 

Internal  fluid  pressure  1-12,  2-6 

Internal  friction,  angle  of,  (<t>) 3-4-2 

relation  of  p,  and  K 3-4-3 

Lateral  pressure,  active  A-l 

Load  and  safe  supporting  strength  formulas  equated  3-1 

Load  coefficient,  for  ditch  conduits,  (C^) 1-2,  A-3 

for  negative  projecting  conduits,  (Cn) '.  . . . A-12 

for  positive  projecting  conduits,  (Cp)  ....  1-9,  A-7,  A-8 

Load  determinations,  assumption  for  A-l,  A-5 

Load,  factor,  (Lp) 2-1,  B-l,  B-8 

for  ditch  cradles  and  beddings 2-3,  3-73 

Load,  hydrostatic  1-12,  2-7 

Load  on  underground  conduits 1-1 

on  ditch  conduits 1-2,  A-2 

computation  charts 3-6 1 

equations 1-2,  A-3 

on  negative  projecting  conduits  A-9 

equations A-12 

on  positive  projecting  conduits 1-4,  A-3 

computation  ciiarts 3-63,  3-65 

equations 1-9*  A-7,  A-8 
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Load  pattern 2-4,  B-l 

Loads,  surface  1-10 

Lower  plane  of  equal  settlement  C-l 

Maximum  fiber  stress  in  pipe B-6,  B-8 

Modulus  of  consolidation  3-42 

Natural  ground  (defined)  . . 3-4l 

Negative  projecting  conduits  (see  classification)  A-9 

load  coefficient,  (Cn) A-12 

Neutral  condition  1-7 

Nomenclature vii 

Outside  diameter  of  pipe  (bc) 3-^-1,  3-67  to  3-71 

Pattern,  load 2-4,  B-l 

Pipe,  determination  of  required,  (procedure)  3-37 

outside  diameter  of,  (bc) 3-^-1,  3-67  to  3-71 

provided  strength  factor  of,  (FSp)  3-67  to  3-71 

safe  supporting  strength  of,  (equations)  2-6 

strength  of  . 2-1,  3-67  '^o  3-71 

Plane,  critical 1-4,  A-9 

of  equal  settlement,  (lower)  C-l 

(upper) 1-4,  A— 9 

(upper),  (proof  of) A-4 

Positive  projecting  conduits  (see  classification)  1-4,  A-3 

load  charts 3-63*  3-65 

load  coefficient,  (Cp) 1-9,  A-7,  A-8 

load  equations 1-9,  A-7,  A-8 

Pressure,  active  lateral  . A-l 

internal  fluid 1"12,  2-6 

Prism,  exterior 1-4,  A-9 

interior 1-4,  A-9 

Problems 1-13,  2-8,  3“5 

Procedure,  determination  ’of  load 1-12 

determination  of  safe  supporting  strength  .......  2-7 

determination  of  allowable  fill,  (Hca)  3~39 

determination  of  bedding  or  cradle  3-38 

determination  of  pipe 3~37 

determination  of  settlement  ratio,  (&)  3-^5 

Projecting  cradles  and  beddings 2-3,  3-7^  to  3~77 

Projection  condition  (see  classification)  1-7 

Projection  ratio  (p),  (defined) 1-4,  A- 10 

value  of 3-4l 

Provided  strength  factor  (FSp) 3-2,  3-3,  3-67  to  3-71 

Ratio,  projection,  (p),  (defined)  1-4,  A-10 

settlement,  (b),  (see  settlement  ratio) 

Relative  height  of  embankment  (see  classification)  1-2 

Relative  settlement  (see  classification)  1-2 

Required  data  from  site  dimension 3-^1 

from  soil  tests  and  other 3-^2 

Required  strength  factor  (FSp)  3-2,  3-3 

Safe  supporting  strength  (R^) 2-6 

Safe  supporting  strength  and  load  equated 3-1 

Safety  factor  (s) 2-5,  3-^2 

Sample  problems 1-13,  2-8,  3“5 

Settlement 1-5 

additional  (defined) 1-5 

(evaluated) A-5,  A-10,  C-5  to  C-8 
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Settlement  ratio  (8),  (defined)  1-7, 

(derived)  

determination  of  (procedure)  

assumptions  

cases 3-47, 

Shearing  stresses  , 

Site  conditions  (see  classification)  

Site  dimensions,  required  data  from  


Soil  tests,  required  data  from  

Strength  factor,  provided,  (FSp)  3-2,  3-3,  3-67  to 

required,  (Fsr)  3-2, 

Strength  of  pipe 2-1,  3-67  to 

Supporting  strength  of  pipe 2-1, 

Surface  loads  

Theory,  elastic  theory  of  thin  ring  

Three-edge  hearing  strength  (Ret,) 2-1,  3-67  to 

Unit  weight  (7)  

Width,  bottom  width  of  cradles,  (b)  

Width  of  ditch  (b^) 1-10, 


A- 10 
C-l 

3-45 

C-2 

C-3 

A-l 

1-2 

3-41 

3-42 

3-71 

3-3 

3-71 

B-l 

1-10 

B-2 

3-71 

3-42 

3-4l 

3-4i 
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